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FARVAL 
—Studies in 
Centralized 
Lubrication 
No. 227 


N this 16-stand Aetna-Standard tube stretch reducing 
mill, bearings take tremendous pressures as cherry red 
tubing is reduced from 7 to 2 inches in diameter. And lubri- 
cating those essential components is a Farval centralized sys- 
tem delivering measured amount of lubricant at set intervals 
to every bearing. These bearings are lubricated automatically 
and safely while the mill is actually in operation. 


For bearing protection on your machinery, check with Farval 
for lubrication. For specifications and drawings, ask for 
Bulletin 26-S. Write The Farval Corporation, 3267 East 80th 
Street, Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, 
Industrial Worm Gearing. In Canada: Peacock Brothers Limited. 


Farval protects bearings 






as tubing is reduced 


from 7 to 2 inches 


KEYS TO ADEQUATE LUBRICATION 


—wherever you see the sign of 
Farval—familiar valve manifolds, 
dual lubricant lines and central 
pumping station—you know 

a machine is being properly 
lubricated. 














Volume 14, No. 12 @ 
December, 1958 a q 
| ‘ ubrication 
| @oeeeeeeeee e®e eeeeeeeee&e%eeeee80e e@ @ 
| ti = 
. E 
| ngineering 
| c 7 
i e DESIGN RESEARCH APPLICATION EDUCATION MAINTENANCE 
oe) 
® 
@ on fen bs 
John Boyd, Editor eS 
Vera Blake, Production Editor 
A. F. Brewer, Consulting Editor @ LUBRICATION IN PRACTICE 
C. L. Willey, Business Manager 
ASLE Publications Committee ® Lubricants in the Forming of Aluminum ............. M. Petronio 510 
D. W. Sawyer, ALCOA Research e 
Laboratories, Chairman 
John Boyd, Westinghouse Research DESIGN, RESEARCH, DEVELOPMENT 
Laboratories e 
J. Willard Peterson mical Nature of Extreme Pressur 
Standard Oil Co. (Indiana) * — si ~ Pa iiss re 
C. A. Tomezak ME aS Salata aim eley Wie ie evenene «)6 @ eels 608 a6 @ ole ele ee 8 e uge 
C. L. Willey r) ; 
j 
Editorial Review Committee @ CURRENT NEWS 
John Boyd, Chairman 
W. E. Campbell, Afram Consultants . . : 
i if Seed Ecce: Sidecar, ® UpaGeR OMI E ME MING WG ia cua. och srk leis ane eye wie aera a ke alaligi 494 
Texas Co. 
A. A. Raimondi, Westinghouse Research @ I sco 514 bes a Kea ee ale ake aed kw OW AS 502 
Laboratories 
E. E. Bisson, NASA eo RE Bg iw SOG Me Nah we Mek we a4 SDN EKER CRA Ma 501 
John Givens, Shell Oil Co. 
Ernest Rabinowicz, MIT & 
M. C. Shaw, MIT 
L. B. Sargent, Jr., ALCOA Research Labs. ° FEATURES 
H. W. McCulloch, Jr., Shell Oil Co. 
L. E. Hoyer, American Brake Shoe Co. 6 emt ogier eta tr) hl Roind e8 orig iti Ne aw uevaligiene Wiahie Wie iece @ 9! 4 wae wae ake 509 
Publishers Representatives i ei ins alee dA RRNA CRRA RAO OS 507 
Eastern Region e ; 
ASLE NE oe Fh as Wh CA Oka SEAN DONS ON ARRAS Rw Ree oes 533 
84 E. Randolph Street @ 
Chicago A. Illinois Author Index ae eee ee ee a a ee ee a ee ea a a ee 2 ee ee 534 
DEarborn 2-1298 ry 
Central Region 
@ TRA 
DWIGHT EARLY & SONS DE INFORMATION 
100 N. LaSalle St. . 
Chicago 2, Il ® COTTE ET EPEC eee Te Te TOT ere Teer erer 540 
CEntral 6-2184 
; td ENO Wa PROCUCIS Me 52098) 5 alton Seayyre, B wa a Bodie re! oh euid ey Suse ySevaieile. ee S. eeu 496 
Western Region (15 States) 
McDONALD-THOMPSON e 
San Francisco 5, Calif. LITERATURE SUMMARIZED 
625 Market Street ® 
YUkon 6-0647 e TrGnsactions ADStracts: ..co.6.6sce-s sd. 6. 60.505 05 woo oes 528 
re Pe I EI EE CLE EL LILLE ELS 
3727 W. Sixth Street 
DUnkirk 7-539) e on i ge re Seater eo 530 
Seattle 4, Washington 
4 1008 Western Avenue ® 
| ELliot 3766 
Denver 2, Colorado es 
Colorado Nat'l Bank Bldg. P 
| sab iaied an g e Abstracted by Engineering Index and Industrial Arts Index 
Houston 6, Texas LUBRICATION ENGINEERING is published i i fcati i 
published monthly by the American Society of Lubrication Engineers, 
pig ~~ Blvd. @ 84 E. Randolph St., Chicago 1, Illinois. Current volume single copies 75c. Copies of issues ine pre- 
JA 9-67 vious volumes $1.00, if available; copies to foreign addresses add 50c per copy. Annual subscription 
Tulsa 4, Oklahoma | @ $6.00 in the USA and Canada, $7.00 to all other countries. Copyright by the American Society 
2010 South Utica of Lubrication Engineers. ASLE will not be responsible for stat its or opinions presented at its 
Riverside 3-1981 @ meetings or printed in its publications. Second class postage paid at Chicago, Ill., and Richmond, Va. 
Journal of the American Society of Lubrication Engineers 493 











LUBRICATION IN THE NEWS 
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Cryopumping Helps 
Missile Research 


An unconventional technique for pro- 
ducing extremely high vacuums which 
promises substantial savings for research 
and industrial uses is being employed 
for missile research in a University of 
Southern California wind tunnel. The 
technique, called crvopumping, was ex- 
plained to members of the American 
Vacuum Society attending the Third 
National Vacuum Symposium in San 
Francisco. 

Cryopumping produces such a low 
temperature that all of the air in a cham- 
ber or wind tunnel freezes to a solid, 
leaving a high vacuum. Details of the 
technique were given by Bruce M. 
Bailey, of Arthur D. Little, Inc., research 
and engineering company of Cambridge, 
Mass. in a paper co-authored with Dr. 
Raymond L. Chuan, Director of the Uni- 
versity of Southern California’s Engi- 
neering Center. Dr. Chuan developed the 
first practical, large-scale application of 
the technique—a hypersonic wind tunnel 
used to test missile models under high 
altitude atmospheric conditions. Bailey 
and his colleagues at ADL developed the 


cryopump used to freeze air out one end 
of the tunnel, providing high-speed air 
flow over the missile models. The wind 
tunnel was unveiled only last week. 


Gear Symposium 


Set for Chicago 


The important relationship between 
modern gear design and gear lubrication 
will be the theme of the First Annual 
ASLE Gear Symposium to be held in 
Chicago on January 26-27, 1959. The 
Gear and Gear Lubrication Committee 
of the American Society of Lubrication 
Engineers announces the Morrison Hotel 
in Chicago to be the site of this first 
symposium specifically planned to add to 
the knowledge available to the field of 
gear design and gear lubrication. 

The symposium will be devoted to 
three principal areas of discussion. These 
are: spur gear lubrication, extreme pres- 
sure lubricants and hypoid gearing, and 
boundary lubrication. Twelve papers will 
be presented at four planned sessions. 
These papers will be presented by some 
of the country’s outstanding specialists 
in the field of gear lubrication. Among 
them will be Earle Ryder,, winner of the 








1958 ASLE National Award, whose paper 
is entitled “The Gear Rig as an Oil 
Tester.” 

A detailed program and advance regis- 
tration form appears below. 


One Billion Pounds 
Lubricating Greases 
Produced in 1957 


The lubricating grease industry in the 
United States produced more than a bil- 
lion pounds of lubricating greases and 
fluid gear lubricants in 1957, according to 
figures just released by the National 
Lubricating Grease Institute. 

Breakdown of lubricating greases made 
by soap types were limited to six cate- 
gories and the grand total of lubricating 
greases shown was 581,879,828 pounds. 
Fluid gear lubricants were not subject 
to a breakdown and the grand total 
shown was 473,999,270 pounds. Eleven 
companies reported production of less 
than one million pounds while 14 firms 
showed production of one to five million 
pounds. A total of 23 firms reported pro- 
duction of over five million pounds in 
the lubricating grease category. 


ASLE GEAR SYMPOSIUM—MORRIS ON HOTEL—JANUARY 26 & 27, 1959 


Monday, January 26, 1959 
8:30 AM Registration 
10:00 AM to 12 noon 


Session | Spur Gear Lubrication | 
Chairman—R. K. Nelson, Chief Engr., 
Eppi Precision Prod. Co., Claren- 
don Hills, Ill. 
“Gear Lubrication—The Known and 
the Unknown” 
by Al Hundere, ALCOR, Inc. 
“Gear Lubricants and Lubrication” 
by F. Richardz, Westinghouse Elec. 
Co. 
“The Gear Rig as an Oil Tester” 
by Earle A. Ryder, Consulting En- 
gineer 
2:00 PM to 5:00 PM 
Session I! Spur Gear Lubrication II 
Chairman—L. J. Collins, General Elec- 
tric Co., Lynn, Mass. 
“The Effects of Lubricants on Gear 
Tooth Scuffing” 
by P. M. Ku and B. B. Baber, 
Southwest Research Institute 
“Recent Developments in the Lubri- 
cation of Heavy Duty Gearing” 
by G. P. Maurer, Falk Corporation 
“Efficiency of Involute Spur Gears” 
by E. E. Shipley, General Electric 
Co. 
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Tuesday, January 27, 1959 


8:30 AM Registration 
9:00 AM to 12:00 noon 


Session Ill E. P, Lubricants & Hypoid Gear- 
ing 
Chairman—L. L. Withrow, General Mo- 
tors Research Staff, G.M.C., De- 
troit, Mich. 
“A Laboratory Rating Method for EP 
Lubricants” 
by A. J. DeArdo and L. B. Sargent, 
Jr., Aluminum Co. of America 
“Analytical Study of Surface Loading 
and Sliding Velocity of Automotive 
Hypoid Gears” 
by D. L. Powell and H. R. Barton, 
Armour Research Foundation 
“Limited Slip Differentials” 
by L. J. O’Brien, Dana Corporation 


American Society of Lubrication Engineers 
84 East Randolph Street 
Chicago 1, Illinois 


2:00 PM to 5:00 PM 
Session IV Boundary Lubrication 
Chairman—W. E. Campbell, Consultant, 
AFRAM, Cleveland, Ohio 
“Apparent Viscosity of Lubricant 
Films under Very Low Shear Rates” 
by E. K. Gatcombe, Prof. Mech. 
Eng., U.S.N.P.G. School, R. P. Hun- 
nicutt, Dalmo Victor Co., and G. F. 
Kinney, Prof. Chem. Eng. U.S.N.P.G. 
School 
“Tmproved Phosphorus-Nickel Alloy 
Coating for Lubricated Wear Re- 
sistance under Severe Conditions” 
by J. R. Young, Western Gear Corp. 
“Wear in Heavily Loaded Lubricated 
Surfaces Subjected to Oscillating 
Motion” 
by J. F. Batter and F. E. 
Technical Operations, Inc. 


Reed, 


Title 





Cc 





r 7 


Address 





City 


State 





General registration $15.00 
Check enclosed [] 


ASLE Members $10.00 
1 will pay at first session [] 
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AT A FAMOUS ORDNANCE PLANT IN NORTHERN LOUISIANA: 


600-Ton Lubrication Job for Cities Service! 


The huge 600-ton press above is one of several at a well known Loui- 
siana ordnance plant operated by the Remington Rand Division of 
Sperry Rand Corporation. 

A big machine, it naturally poses a big lubrication job...but not so 
big that Cities Service Pacemaker Oil can’t take it in stride. With 
unusually high viscosity index and superior fortification against oxida- 
tion, corrosion and rust, Pacemaker is a natural fur the task. 

Likewise, throughout the various stages of producing artillery 
shells—the end product—Cities Service lubricants are hard at work. 

Clearly, there’s little room for error here—either in the product 
itself or in the machines that make it. That’s why Cities Service lubri- 
cants were chosen... and it’s an equally good reason for making 
them your choice. 

For a survey of your plant’s lubrication needs, talk with a Cities 
Service Lubrication Engineer. Or write: Cities Service Oil Company, 
Sixty Wall Tower, New York 5, N. Y. 


CITIES © SERVICE 


QUALITY PETROLEUM PRODUCTS 





‘ f tt I. ta t 


High Speed Gas Furnace heats steel to 2660 


Cities Service products. 
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HOW THE ORDNANCE PLANT USES 
CITIES SERVICE LUBRICANTS 


MACHINE LUBRICANT 
LATO DIESSES S).2 a: Sewn Pacemaker 3 Hydraulic Oil 
ATMOS avtcremrrccth sects tied wieder Pacemaker 1 
Speed reduction units ................ Pacemaker 6 
Worm gear reduction units ............... Optimus 6 
Package compressor units ............. Pacemaker 5 
Metal working machines requiring 

a water soluble cutting oil] ............... Chillo A 
General Lubrication ............... Trojan Gear Oils, 


Trojan H-2 Grease 








Partially Finished Shells await final form- 
degrees F. All lubrication is supplied by ing. Unusual number of forming opera- 








Forming Press does final forming of artil- 
lery shells. The press is lubricated by Cities 
tions are required to produce final preduct. Service Pacemaker Hydraulic Oil. 











THIG LUBRICANT 
INCREACED CHAIN 
LIFE 4 TIMES” 


—says FASTERFAT, Divi 
National Sea Products ae 











“Two years ago we switched 

from the lubricant we were then 
using to your LUBRIPLATE, and we are 
pleased to inform you that we have had 
very excellent satisfaction from its use. 
High speed silent chains on the drives of 
our fish meal cookers, which were for- 
merly worn out in about six months, are 
still in service after two years.” 


REGARDLESS OF THE SIZE AND 
TYPE OF YOUR MACHINERY, 
LUBRIPLATE GREASE AND 
FLUID TYPE LUBRICANTS WILL 
IMPROVE ITS OPERATION AND 
REDUCE MAINTENANCE COSTS. 


LUBRIPLATE is available 
in grease and fluid densi- 
ties for every purpose... 
LUBRIPLATE H.D.S. 
Motor OIL meets today’s 
exacting requirements for 
gasoline and uiesel 
engines. 




















WBRIPLATE 


HDS. 





For nearest LUBRIPLATE distributor see 
Classified Telephone Directory. Send for 
free ‘““LUBRIPLATE DATA BOOK”... a 
valuable treatise on lubrication. Write 
LUBRIPLATE DIVISION, Fiske 
Brothers Refining Co., Newark 5, N. J. 
or Toledo 5, Ohio. 
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NEW PRODUCTS 
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NEW STAINLESS STEEL 
FOR HOSE FITTINGS 

Missile and jet aircraft programs are 
now depending on a new stainless steel 
for use on new hose fittings on flexible 
fuel and hydraulic lines. The new end 
couplings, which are reusable and have 
a special self energizing metal-to-metal 
seal, make the cable line safer and more 
secure. Resistoflex Corporation of Rose- 
land, New Jersey, developed the special 
triple-lock fitting, and specified alle- 
gheny Ludlum Steel Corporation’s AM- 
355 stainless steel. The special ring of 
AM-355 can be easily locked into posi- 
tion, and gives a positive grip on the 
braid of stainless steel which sheathes 
the hose tube. With stainless steel, the 
fixture can be used in corrosive areas, 
under high pressures (has been tested 
well beyond the 1500 psi it is expected 
to withstand), and temperatures up to 
500 degrees F. Other uses include steam 
and hot paint spray applications for in- 
dustrial use. Resistoflex reports that the 
hose can be used on the new, exotic 
missile fuels, and with jet aircraft fuels, 
oils, hydraulic fluids. Under test condi- 
tions the threaded lock ring did not dis- 
tort even when over tightened. Vibra- 
tion, the plague of former reusable 
coupling designs, has no effect. on this 
new design. AM-355 is a special pre- 
cipitation hardening stainless steel de- 
veloped primarily for the aircraft indus- 
try. This recent member of the stainless 
family provides the unique combination 
of strength, toughness, ductility and cor- 
rosion resistance necessary for the Re- 
sistoflex design. Coupling sizes are from 
%6-inch to 1-%-inch, and to the aircraft 
hydraulic engineer are designated dash-4 
to dash-24. 


SPRAY-ON LUBRICANT 

Tke Bel-Ray Company’s Molylube 
lubricant will now be available in a new, 
easy-to-handle aerosol spray can. The 
new package will contain a_ specially 
compounded dispersion of a micro-fine 
molybdenum-disulfide known as Moly- 
lube 16 micro-fine. The carrier in the 
lubricant is non-toxic, non-corrosive, 
non-inflammable and free of any abra- 
sive impurities or resins. As a spray, 
Molylube is an excellent dry solid film 
lubricant since the particle size of the 
MOS, is less than one micron. It will 
resist the attack of most acids and is an 
excellent lubricant from —100°F. to 
+750°F. Molylube can be applied di- 
rectly to any clean surface, especially 
individual parts prior to final assembly, 
since it deposits a uniform film of the 
purest Molylube powder commercially 


available. A bearing’s coefficient of fric- 
tion is reduced to that of the MOS, itself. 
The lubricant can withstand pressures of 
over 100,000 psi. For further informa- 
tion, write to Bel-Ray Company, Inc., 
Madison, N. J. 


GRAPHITE BURNER BEARINGS 


Large size graphite burner bearings 
for sawdust burners and similar types 
of incinerators, thoroughly field tested 
and used in actual lumber mill opera- 
tions for more than two years, have 
been announced by the Joseph Dixon 
Crucible Company. While designed pri- 
marily for the “hot” end of conveyors 
used in the lumbering industry to carry 
sawdust and other types of refuse into 
the burner, these burner bearings are 
also suitable for conveyor belts carrying 
refuse and similar materials to other 
types of incinerators where high tem- 
peratures are encountered. They provide 
efficient, long lasting and automatic self- 
lubrication at temperatures ranging from 
1,200 to 1,500F. Dixon B-19 graphite 
bearings are custom made, since nearly 
all refuse burners require different in- 
side and outside diameter dimensions 
and have variable lengths. For further 
information, write to the Molded Prod- 
Division, Joseph Dixon Crucible 
Jersey City 3 N. J. Ask for: 
#320-PDS 320. 


ucts 
Company, 
Product Data Sheet 


LUBRICANTS IN TUBES 


Lehigh Chemical Company, of Ches- 
tertown, Maryland, has announced the 
availability of any or all MIL SPEC 
Oils and Greases in % ounce unbreak- 
able polyethelene tubes. This new pack- 
aging concept will aid in the use and 
storage of lubricants. Each tube has a 
self-contained applicator tip which can 
be used for drop or stream application. 
Waste and spillage reportedly are elimi- 
nated with this applicator tip. Wherever 
small amounts of lubricants are re- 
quired, such as in instrument manu- 
facture, miniaturized assemblies, etec., 
Anderol tubes will simplify lubrication 
procedures and cut operation costs. Use 
of these handy tubes will eliminate loss 
of lubricant due to transfer from bulk 
storage and also eliminate messy con- 
tainers and applicators. The tubes are 
easily stored and dispensed from the 
parts and supply section and the stand- 
ard packaging facilities complete inven- 
tory control. The complete line of An- 
derol Lubricants are also available in 
this packaging for industrial use. For 
additional information, write or call Le- 
high Chemical Company, Chestertown, 


Md. 
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DISCOVERED! 


...new way to keep cutting fluids 


as fresh as a daisy! 











Now ...there’s a new and better way to control 
the harmful bacteria that cause oil-water emulsion 
breakdown, acidic corrosion, and rancid odor. 
It’s Elcide 75 .. . a product directly related to one 
of the most powerful bacteria killers used in med- 
ical science today ...a material that has proved 
itself in the exacting field of surgical practice and 
has now been adapted to solve the problem of 
bacterial growth in soluble oil emulsions. 


A large Midwestern manufacturing plant tested 
Elcide 75 under actual job conditions. 


They found that one ounce of Elcide 75 added 
to each 4 gallons of oil-water emulsion . . . 


extended useful life of the emulsion 512 times... 


greatly reduced cutting oil requirements... 


DISCOVERED...A NEW 
WAY TO KEEP COOLANTS 
FRESH AS A DAISY! 


Shop tests show 


ELCIDE ‘75 


keeps cutting 
fluids 


fresh longer 
than ever before 


delayed odor and emulsion break for 22 weeks, 
while untreated machines had to be dumped at 
the end of four weeks... 


proportionately reduced down time for re- 
charging... 


was safe and nontoxic... 


eliminated bacterial slime and reduced acidic 
corrosion... 


drastically reduced their disposal problems. 


WHAT ELCIDE 75 CAN DO FOR YOU 
This combination of inhibitors can extend the life 
of your oil-water emulsions 2 to 4 times, or more, 
and can dramatically cut your oil-concentrate pur- 
chases. At the same time, production will increase 
because you have less down time for recharging. 


ELI LILLY AND COMPANY - AGRICULTURAL AND INDUSTRIAL PRODUCTS DIVISION 


INDIANAPOLIS 6, INDIANA 


TELEPHONE: MELROSE 6-2211 





csiacipaaenae caremae 








This is one of the causes of emulsion trouble. These 
are Pseudomonads, one of the many harmful types of 
bacteria found in oil-water emulsions. These, and other 
bacteria, enter emulsions through the air, water, and plant 
debris. They set the stage for a chain reaction which 
causes odor, corrosion, and costly emulsion breakdown. 





Prior to Elcide 75, no single inhibitor was able to control 
the full range of bacterial growth. Certain of these 
bacteria quickly develop resistance to single inhibitors 
and continue to flourish. Now, Elcide 75 controls a wider 
range of bacteria because it is an effective combination 
of bactericidal agents. This has been proved in shop tests. 








In certain areas where waste-oil disposal is a 
problem, the use of Elcide 75 proportionately 
reduces the size of the problem. 


Elcide 75 also contributes to better products and 
longer machine-tool life. Bacterial contamination 
causes acidic decomposition of the emulsion and 
sets up conditions for corrosion. By controlling the 
bacteria, you eliminate this source of trouble. 


Employees like Elcide 75 because, when added to 

the emulsion, it is completely safe. In another 

recent test involving over 1000 machines, it was 

shown that Elcide 75 was safe, nontoxic, and 

harmless to sensitive skin. It also reduces the 

chance for bacterial infection caused by con- 
| taminated emulsion. 


YOU KNOW WHAT YOU GET 

WHEN YOU BUY ELCIDE 75 
With Elcide 75, you know you have the proper 
amount for effective treatment because you add it 
to your emulsions right in your plant. The stand- 
ard recommendation is one ounce of Elcide 75 
per 4 gallons of oil-water emulsion. 


PROVE IT TO YOURSELF... 
TRY ELCIDE 75 IN YOUR PLANT 
The best way to determine the value of Elcide 75 
is to try it under your normal plant conditions, 
using your regular oil-water emulsion. After you’ve 
had an opportunity to compare results, we believe 
you'll agree that Elcide 75 is a valuable discovery 
that will greatly increase your plant efficiency. 





PRODUCT SPECIFICATIONS 
ELCIDE 75 


(Lilly's brand of bactericide for cuiting fluids) 


Active Ingredients —Thimerosal (Sodium Ethylmer- 
curi Thiosalicylate) and Sodium o-phenylphenate. 


Package . Price per Gal. 
1-gallon polyethylene . . . $8.50 
5-gallon polyethylene . . . $8.00 

55-gallon stainless steel. . . $6.50 


Terms: 1%, 10th prox.; net, 30th prox. F.O.B. 
Indianapolis. Transportation paid via carrier of 
our selection. 











For further information or to place your order, phone or write. 











PATENT PENDING 
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W EMOLEIN’ 2910. 
~ LOWERS COST OF © 
THETIC LUBRICANTS 





eoeces 




















be : 


Emolein 2910 Lubricant Ester, formerly designated Emery 3033-S, is the 
answer to lower-cost synthetic fluids and greases required by the jet age. In 
synthetic fluids, total cost can be reduced substantially by blending Emolein 
2910 with an azelate diester without sacrificing performance. In greases, 
Emolein 2910 can be used alone or by blending with other fluids. 


Emolein 2910 dipropylene glycol dipelargonate is a new type of diester based 
on inexpensive pelargonic acid. With performance testing having confirmed 
its utility, it joins the established members of the Emolein line of diesters, 
Emolein 2957 di-iso-octyl azelate and Emolein 2958 di-octyl azelate, whose 
performance under the conditions encountered in modern jet engines has 
given them a recognized position in the synthetic lubricant field. 


One more important fact: The Emolein esters are not dependent upon im- 
ported raw materials. Since they are derived from abundant domestic tallow 
their future supply is practically unlimited. For more detailed information on 


Emolein 2910 or the Emolein azelates, return the coupon below. 
e 


Emery Industries, Inc., Dept. Y-12 
Carew Tower, Cincinnati 2, Ohio 
Please send bulletins: 
(J No. 411 (Emolein 2910 Pelargonate; 
(1 No. 409A (Emolein Azelates) 


Name Title_ 


@eeemeeeeevoeeoeeoeeeoeaeeeeeeeeeeees eee enees eee ee 8 


ORGANIC CHEMICAL 
SALES DEPARTMENT 








Company 
Address. 
City State 





Emery Industries, Inc., Carew Tower, Cincinnati 2, Ohio 


West Coast: Vopcolene Division, 5568 E. 61st St., Los Angeles 22, Calif. 
In Cancda: Emery Industries (Canada) Ltd., 639 Nelson Street, London, Ont. 
Export Department: Carew Tower, Cincinnati 2, Ohio 
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COVER STORY 


The established properties of tetra- 
fluoroethylene (TFE) resins are finding 
an increasing number of industrial, com- 
mercial, military and home applications. 
These applications have been greatly en- 
larged with the introduction of Ache- 
son’s ‘EMRALON,’ one application of 
which is illustrated on this month’s cover. 
So far there are two members in this 
newest family of Acheson’s colloidal 
dispersions . . . ‘Emralon’ 310 and ‘Em- 
ralon’ 320. 


Some of the advantages of TFE that 
led Acheson into a five year develop- 
ment program include low coefficient of 
friction, flexibility, chemical inertness, 
less than 0.01 moisture absorption and 
excellent durability. In addition, TFE 
resins are able to withstand tempera- 
tures ranging from —450°F. through 
+500°F. or more. 


Formerly, the applications of TFE 
were limited to materials which could 
withstand the high temperatures neces- 
sary for sintering—more than 700°F. 
The new series of dispersions now makes | 
possible curing at 300°F. or even less. 
Thus a lubricating, corrosion resistant 
film can be applied to wood, rubber, 
plastics, light metal and many other 
heat-sensitive materials. 





The illustrated dispersion is composed | 
of specially processed TFE particles sus- | 
pended in a liquid carrier. To mix, the | 
liquid TFE is slowly added to the binder | 
solution while agitation is provided by a_ | 
suitable mixer. The result is a smooth | 
dispersion ready for use. Application | 
should be made preferably with a spray | 
gun of the external-atomizing type using | 
air pressures of 35 to 50 pounds per | 
square inch. This is followed by air-dry- 
ing, or infra-red, or oven curing, depend- 
ing on the Emralon used. 


WRITE FOR COMPLETE 
CATALOG giving specifications 


The normal film thickness for lubri- and performance requirements 


cating purposes is about 0.6 mil. Where iia) “s to meet any of your 
thicker coatings are desired, multiple : al a lubricator needs. 
passes can be made by the spray gun Y 
with air-drying between passes. Properly 
applied the film is smooth and con- 
tinuous. 


The product designated Emralon 310 
is a dispersion of TFE in a phenolic 
binder. Applied by spray, the dispersion 
can be cured in one hour at 300 F. and 
exhibits the low-friction properties of 
TFE with the durability of the binder. 
Emralon 320 is air-drying and designed Specialists*in metering pumps and lubricators since 1898 
for use on substrates even more sensi- 
tive to temperature or for use where 
baking is not practical. 
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Bearing Temperatures 
Reduced 50° F 
on 86 Half Bearings” 





Automatic, centralized Micro-Fog Lubrication, installed early in 1957, 
has lowered the average operating temperature of 86 half bearings 

on this paper machine from 189° F to 139° F. Two other similar machines 
were also converted by this company to Micro-Fog—a total of 

368 bearings of all types. 


The magic of Norgren Micro-Fog provides the following 

cost-saving benefits: 1) Elimination of frequent bearing failures. 

2) Elimination of the cost of hand oiling and block grease replacement. 
3) Elimination of fire hazard from dripping lubricant. 

4) No product contamination. 5) 66% reduction of lubricant consumption. 
6) Perfect lubrication for all bearings. 


I, ti Norgren.,. Gti Oependable, 


*For complete information 
WRITE FOR 
FREE BULLETIN: MF-26 : + 


3434 So. Elcti Street @ ENGLEWOOD, COLORADO 
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INDUSTRY NOTES 


MLL MMW U ULL 


Socony Patents 


Socony Mobil announces plans for a 
non-exclusive licensing of their recent 
patents for improved lithium greases. 
US.P. Nos. 2,842,493 and 494, patented 
July 8, 1958, cover the use of straight 
lithium and lithium mixed-base greases. 
containing balanced proportions of soaps. 
of wool grease fatty acids and of con- 
ventional fatty acids. 

These compositions show superior per- 
formance, particularly under wet condi- 
tions of use where many lithium greases 
are prone to show excessive breakdown 
and provide little in the way of rust 
protection when the grease becomes 
contaminated with water. 

In addition, they are readily com- 
patible with conventional greases and 
pose no mixture problems. The dropping 
points of new greases range as high as 
400° F and are normally above that of 
a lithium stearate grease. 


Union Carbide 


To Purchase 
Texas Plant 


Union Carbide Corporation has exer- 
cised its option to purchase from Amoco 
Chemicals Corporation the  utilizable 
facilities which remain on the 306-acre 
tract at Brownsville, Texas, site of the 
processing plant formerly operated by 
Amoco. The option also includes the 42- 
mile Weslaco-Brownsville natural gas 
pipeline. Union Carbide is negotiating 
a long-term lease with the Brownsville 
Navigation District (Port of Browns- 
ville) for the Brownsville tract. 

Engineering studies will be made for 
additions and revisions at the site. Utili- 
zation of these facilities will be deferred 
for this reason and also will depend 
upon completion of satisfactory arrange- 
ments for fuel gas and raw material 
supply. Operations at Brownsville will 
be carried on by Union Carbide Chemi- 
cals Company and Union Carbide Ole- 
fins Company, both divisions of Union 
Carbide Corporation. 

The project was originally designed 
and built by Carthage Hydrocol, Inc. to 
produce synthetic gasoline, other petro- 
leum fractions and co-product chemicals 
from natural gas by the Fischer-Tropsch 
process. It was operated by Amoco 
Chemicals Corporation until last fall. 
Union Carbide is not contemplating the 
preduction of either synthetic gasoline 
or petroleum products, nor does it in- 
tend to produce chemicals by the 
Fischer-Tropsch process. 
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DAMAGE 


© THESE TWO EASY 
STEPS ELIMINATE 
BREAKING (NV 










Clean 
Surface 







NEW MOLYKOTE® “WEAR IN” COMPOUND | 


DESIGNED SPECIFICALLY FOR THIS USE 


The two easy steps illustrated 


above have proved in thousands of ~ 


field applications and _ laboratory 
tests that they will substantially re- 
duce galling and seizing in the 
breaking in of new machinery. 

The damage during this criti- 
cal period requires costly recon- 
ditioning and any damage left un- 
repaired shortens the useful life of 
the equipment. 

New MOLYKOTE “WEAR 
IN” COMPOUND has been speci- 
fically designed to eliminate damage 
due to galling and seizing during 
“wear in”. 





OUTSTANDING CHARACTERISTICS 
OF MOLYKOTE “WEAR IN” COM- 
POUND 


@ Shortens “wear in” period with- 
out the use of abrasives. 


@ Reduces galling, seizing, and ex- 
cessive wear in new machinery. 


@ Offers the best safeguard against 
shipping delays, and expenses 
associated with repair, new parts, 
etc. 


@ Need not be burnished into sur- 
faces. Brush on a thin coating. 


@ Inexpensive . . . a little goes a 


long way. 








New lubricant testing machine designed for “wear in” tests. The machine main- 
tains a fixed mating path on the specimens; insures uniform load distribution 
over the contact area; and provides flexibility in producing a variety of wanted 
conditions, reliability in maintaining them and sensitivity and accuracy in recording. 
Legend: 1. Oil reservoir, 2.Load pick-up, 3. Friction-force pick-up, 4. Test 
block, 5. Test ring, 6. Variable speed motor, 7. Generator, 8. Carrier amplifier 
(for load), 9. Load level pre-amplifier (for temperature), 10. Carrier pre-amplifier 
(for friction force), 11. d.c. coupling pre-amplifier (for speed), 12. 4-channel 
recorder, 13. Controls of hydraulic testing machine. 











See our Bulletin in Sweet's Product 
Design Catalog. 


THE 


FACTORIES: STAMFORD, CONN. 








A detailed s.udy of ‘‘wear in” 
lubricants is covered in our new 
LUBRICATION NEWSLETTER 
#5, and the MOLYKOTE “WEAR 
IN” Compound is discussed in 
Bulletin #120. Send for them today. 
Address your letter to The Alpha- 
Molykote Corp., 65 Harvard Ave., 
Stamford, “Research City”, Conn. 
Phone: FlIreside 8-3724. 


arion 
mice suerted 


Wear In Compound 








ALPHA-MOLYKOTE 


CORPORATION 


@ MUNICH. GERMANY @ STRASBOURG, FRANCE 
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°A Survey of Journal Bearing Literature” 


‘ 


“A Survey of Journal Bearing Literature’ 
belongs on the shelf of your reference 
library. Now, for the first time, you need 
consult only one source for a complete 
evaluation of over 2500 references related 
to the field of journal bearings. No need 
to search through volume after volume of 
reference material in order to find specific 
information. Find the information you need 
in minutes instead of hours. 


Here is a comprehensive picture of all 
literature dealing with journal bearing 


in'dis: 


is the WO 





en’sa-ble 


p 


rd to 


by Professor Dudley D. Fuller, Columbia University, 


A research project financed by the American Society 


of 


Lubrication Engineers with the cooperation of 


industrial sponsors. 


k 


analysis, design, performance and main- 
tenance — 563 of the most authoritative 
works in abstract form plus a 100 page 
report and evaluation of references most 
useful to those whose livelihood depends 
on their knowledge of the design and 
operation of journal bearings. 

This is the book that enables you to quickly 
locate the best source of information on 
bearings—the book that highlights and 
reviews all information on the subject in 
its most usable form. 


This 260 page volume, durably bound in rich brown, simulated leather is one you will 
use for many years as an “always ready” reference. All the information you'll ever 
need to solve your journal bearing problems in one complete book—only $15.00. Order 
your copy today—just fill out the order form and return it to us with your check or 
money order—we'll ship you the book postage paid. 










American Society of Lubrication Engineers 

Department SU-12 

84 East Randolph Street 

Chicago 1, Illinois 4 
Please send me copies of “A Survey of Journal Bearing 


Literature” @ $15.00 each. 
[_] Remittance enclosed 








(] Bill me [] Bill company 
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Company 
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City State 











-----—-—----—---------5 





Number ] of a series 


BARAGEL* 


provides 


essentials for the 
grease manufacturer 


ECONOMY: 


excellEWer 


BARAGEL 


Provides manufacturing ECONOMY 
resulting in lower grease cost. 


BARAGEL 


Provides improved EFFICIENCY 
giving more grease per pound of 
thickener. 





BARAGEL 


Provides greases of EXCELLENCE 
because of outstanding performance. 





BAROID 
CHEMICALS, 


A SUBSIDIARY 
OF NATIONAL LEAD COMPANY 


INC. 


1809 SOUTH COAST LIFE BLDG. HOUSTON 2, TEXAS 
* Trademark of National Lead Co. 





BARAGEL* osisianiann | 


COMO 


BARAGEL Cost 
Bl Bentone*34 Cost 
MM BARAGEL Economy 





NLGI Number 17 NLGI Number 2 NLGI Number 3 


Number 3 of 
BARAGEL § provides 


EFFICIENCY 


T TAKES 
LESS TO 
DO MORE 





ASTM WORKED PENETRATION 


4 5 6 
PER CENT THICKENER 
—— BARAGEL —— BENTONE 34 


A of 


BARAGEL’* provides 


EXCELLENCE 








“In 30 months...not 
a single bearing 
lubrication failure 








up on the rollers. 








- Conve r-stacker handling moist, \ 
sticky material which builds. \ 





with lithium-base grease!” \ 


THE PROOF !IS IN THE PERFORMANCE... 


lithtum-base orease 


does the job... 


and does it better! / 


Pan Conve 





handling hot clinker 
(1600°F), roller bearings in 








\ ae a 
Ore unloading conveyor rollers y 
handling 200 tons of 7 
ore per hour. j 


Pinion gear transmitting power / 
from 600 h.p. motor 
to a ball mill. 













\ aaah as hanaing bel ary 
agitators driven by Falk 
_ gear reducing units. 7 


* 





Here’s a report of our own experience with lithium- 
base grease under extreme industrial service condi- 
tions. Approximately 95% of the grease used in the 
plant of American LitHium CHEMICcALs, Inc., our 
subsidiary at San Antonio, Texas, is lithium-base, 
one-type grease. In thirty months operation we 
have not been able to trace a single cause of bearing 
failure to the lubricant used. The on-the-spot photos 


REG. U.S. PAT. OFF. 





Want to know more about TRONA 

lithium hydroxide monohydrate ? Send for our 
technical bulletin on this important 

chemical ingredient in lithium-base greases. 
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dusty, moist atmosphere. 














V.A. Wemco diassifier. part of wet 7 
\ sing system, lower bearing / 
submerged in hot sludge. / 


above give graphic evidence of the rugged bearing 
service requirements in this plant where lithium ores 
are processed into high-grade lithium hydroxide, 
itself an important ingredient in lithium-base grease. 
Performance like this is why grease chemists, manu- 
facturers, marketers and users all attest to the superi- 
ority of lithium-base...the one grease in place of 
many for efficient and economical operation. 


American Potash & Chemical Corporation 


3000 West Sixth Street ¢ Los Angeles 54, California 
LOS ANGELES * NEW YORK * SAN FRANCISCO * ATLANTA * PORTLAND (ore_.) 


Export Division: 99 Park Avenue, New York 16, New York 
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Co-ordination 

The dictionary defines co-ordination as act of co- 
ordinating; state of being co-ordinate; harmonious ad- 
justment or functioning. “Teamwork” would be an- 
other definition for this term when applied to plant 
lubrication. To go a bit further in our analogy, we 
might liken the salient participants to an offensive 
backfield with the lubrication engineer calling the 
signals from quarterback. His team-mates represent 
purchasing, engineering and management. The ends 
take the passes and put the mechanies of lubrication 
into operation for the desired gains which lead to 
greater machine efficiency and more assured produc- 
tion. 

Some people believe that we are entering an era 
where greater productivity of available machinery can 
be considered one of the buttresses or bulwarks to off- 
set inflation. To the credit of the lubrication people, 
this idea is not new; for years we have preached that 
high production is a natural consequence of effective 
lubrication. 


INDIVIDUAL RESPONSIBILITIES 

But let’s come back to the team. With management 
as captain and fullback there should be a direct line of 
communication with the quarterback—the lubrication 
engineer. Then the huddle should include purchasing 
and engineering as the halfbacks who function in the 
development of plays by studying the lubrication re- 
quirements of the machines and seeing that necessary 
lubricants are obtained. 

Probably our hypthetical team also should include 
a coach in the person of the consulting lubrication 
engineer from the lubricant supplier. Naturally he 
would not appear on the field or in the line-up, but his 
experience could be invaluable to the team. Usually 
he has had quite a few seasons of this experience in a 
wide variety of industries. For example, he can com- 
pare the operating conditions which prevail in steel 
against those in the textile or rubber industries. He can 
judge the suitability of bearing materials equally as 
well as he can evaluate the merits of modern lubricat- 
ing equipment. He is conversant with the modern con- 
cept of chemistry as related to lubrication, and he 





, 


* Consultant and author of “Basic Lubrication Practices.’ 
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Lube Lines 
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realizes the wisdom of using selected additives to aug- 
ment the lubricating ability of conventional lubricants. 
He also understands their ability to provide added re- 
sistance to rusting, corrosion and other objectionable 
results in service. 


SKULL PRACTICE 

Perhaps our industrial team could profit from the 
blackboard study routine of the football people. In a 
sense it would be another way of outlining a schedule 
of planned lubrication by showing “blown-up” views of 
lubrication diagrams of the machinery involved. This 
would enable the lubrication engineer to point out the 
most important moving parts and to emphasize their 
co-ordinated relationship to other parts. In effect, 
teamwork also must be built into the machine if it is 
to produce dependably and economically. 

Skull practice of this nature would impress upon the 
engineering people that “designing for lubrication”’ is 
just as important as “designing for operation.” In 
turn, the purchasing people would realize that “buying 
lubrication” and dependable production is far more im- 
portant than just buying lubricants on a price basis. 
There is no monetary saving if a few dollars saved by 
purchasing “ordinary” lubricants are frittered away by 
increased maintenance costs and production time 
losses. 


THE MORAL 

In between the lines we must read the responsibility 
of management throughout this discussion. The rest of 
the team in any plant can go only so far in developing 
a beneficial lubrication procedure. They must have the 
encouragement of management and the acceptance of 
the relationship of effective lubrication to economical 
production. Statistics are as valuable here as they are 
in evaluating any other type of team performance. 
Again, the lubrication engineer of today has fore- 
sight; he ean back up a wide range of recommendations 
going from a simple change from type of lubricant in 
to an installation of the most intricate lubricating sys- 
tem. 

Records speak louder than words. The lubrication 
engineer can prove to his management that co-ordina- 
tion and teamwork pay off when the front office is as 
interested in the economics of lubrication as in tickets 
for the big game. 
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the second 





BIG issue of 


ASLE 
‘Transactions 


Volume 1, Number 2 is now available! The second issue of 





the 1958 Transactions is here—filled with more informative 
papers—more research data—more new ideas—more rea- 
sons why every ASLE member should own a subscription! 


MORE THAN 


AND MEMBERS STILL SAVE } 2/,THE COST 


By ordering Transactions as a mem- 
ber you save two-thirds of the cost 
to non-members, but by ordering a 
subscription to two issues per year 
you save still more. A single issue 
costs you $3.00, but by subscription 
two issues cost only $5.00 resulting 
in greater savings to you. 


Every company with an ASLE mem- 
ber should have at least one copy of 
ASLE Transactions in its reference li- 
brary. Order a subscription for your 
company today! 


Available to non-members from 
Pergamon Press, Inc., 122 East 55th Street 
New York 22, N.Y. 














ASLE 

84 East Randolph Street 

Chicago 1, Illinois 

[] Please enter my order for one copy of Vol. 1, No. 1 @ $3.00 
[] Please enter my order for one copy of Vol. 1, No. 2 @ $3.00 
[] Please enter my order for Vol. 1, No’s. 1 and 2 (1958) @ $5.00 
[] Please enter my order for Vol. 1, No’s. 1 and 2 (1959) @ $5.00 
NAME 

COMPANY 

ADDRESS 

CITY ZONE STATE 

[] Bill me C) Billi company [_] Check enclosed 














Vol. 14, No. 12 
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new 
transactions 
for the 

new year 


Lubrication 


Enginee ing 





Did you ever feel that you had in your possession something so im- 
portant and so valuable that you wanted everyone to know about it? That’s 
the way that we feel about the new issue of Transactions, Volume 1, Num- 
ber 2. 


Of course, we shouldn’t be surprised by this feeling. It’s exactly the 
way we felt after the first issue of Transactions appeared. We were very 
proud to publish a volume containing material of such uniformly high 
quality. 


And, after reviewing the advance copies of this, our second issue, we 
again have nothing but the highest praise for its contents. In fact, we want 
to shout from the housetops that this issue is so worthwhile that we feel that 
no industrial company’s library is complete without a copy. 


We checked through our files and discovered that our Society’s mem- 
bers represent 1,000 companies—that’s 1,000 issues of Transactions that 
should sell themselves. But since we don’t believe that anything can really 
sell itself, we’re providing you with an easy method of obtaining Transac- 
tions. Your dues statement for 1959 will have a space for ordering this 
volume. 


We're convinced that, once you get your copy of this latest Transac- 
tions, you'll be as sold on it as we are. 


But before you run to fill in that 1959 dues statement, please accept the 
best wishes of Lubrication Engineering’s editorial staff for a healthy and a 
happy new year. 


The Officers and Directors of ASLE take this oppor- 
tunity to extend to all of Lubrication Engineering’s 
readers their sincere wishes for a happy and prosper- 
ous holiday season. 
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Lubricants in the Forming of Aluminum 


ABSTRACT 


A number of lubricants of known composition were 
evaluated in a laboratory slow-speed draw test by determin- 
ing the forces obtained during the drawing of a caliber 
0.30 aluminum cartridge case. It was learned that condition- 
ing of the aluminum surface prior to drawing is very impor- 
tant and should be considered equally as important as the 
liquid drawing lubricant. This study therefore includes an 
investigation of several surface pretreatments such as various 
pickling and alkali treatments, phosphating, and oxidation by 
both electrochemical and chemical immersion methods. 

Shop test results are reported corroborating laboratory 
findings in the drawing of 2024, 5052 and 7075 aluminum al- 
loys. There is reported also limited shop test data showing 
that hot forging and cold extrusion of aluminum are facili- 
tated by the use of an oxide pretreatment. 


INTRODUCTION 


Although the forces required for the plastic de- 
formation of aluminum are considerably lower than 
those required for other metals, the problem of lubri- 
cation is far more acute. Difficulty is frequently ex- 
perienced in production forming of aluminum and 
aluminum alloys due to loading or fouling of the tools, 
scoring or scratching of the work pieces and sometimes 
tearing of the pieces. 

Bowden (1) reports the coefficient of friction of 
steel] sliding on electrolytically polished aluminum to 
be 1.2 which is much higher than that obtained with 
steel sliding on other metals. The coefficient of friction 
of aluminum on aluminum is reported by Gemant (2) 
to be 1.4. An inconsistency thus seems to arise since 
aluminum, like most metals, readily forms an adhering 
oxide coating and it has been established quite con- 
clusively by many investigators (1,2,3) that metal 
oxide films serve as lubricating films and substantially 
aid in reducing friction. The coating however, is thin 
and hard. The underlying metal being soft and easily 
deformable causes the oxide film to rupture during a 
drawing or extrusion process. The discontinuities thus 





* Frankford Arsenal, Philadelphia 37, Pa. | 
Recipient of award given by Cleveland Section to best 1958 Annual Meet- 
ing metal working lubrication paper. 


510 
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formed in the film cause the aluminum metal to be 
forced through the openings and weld to the steel tools 
(die and punch). The aluminum being soft and ductile 
vields before the forces of adhesion between aluminum 
and steel are reached. Because of the work hardening 
characteristics of metals, the portion of metal which 
is transferred to the tools will have a higher tensile 
strength than the metal subsequently passing over the 
tools. Metal transfer becomes progressively larger 
until it reaches such dimensions that the work is 
scratched or torn. Under most operating conditions it 
is possible to minimize this effect with good lubrica- 
tion but almost never is it completely eliminated. 
Early in this work it became apparent that the con- 
dition of the aluminum surface is a very important 
part of the lubricating system and as much emphasis 


should be given to the study of surface conditioning 


or pretreatment of aluminum as to the study of the 
liquid drawing lubricants. 


DRAW TEST 

The drawing was accomplished in a 20,000 Ib 
capacity tensile testing machine. Standard draw tools 
were used and measurement was made of the forces 
required to draw aluminum caliber 0.30 pieces through 
the fourth draw operation. The rate of travel of the 
punch through the die was 3 inches per minute. A 
schematic drawing, Figure 1, illustrates the punch 
and die setup in the test machine. The punch is held 
in the top and stationary member of the machine and 
the die is held on the bottom and movable member. 
The drawing operation is accomplished by placing a 
draw piece with lubricant in the guide ring and fore- 
ing it through the die with the punch. Five draw 
pieces processed in this manner constitute one test. 
An autographic recording device atteched to the test- 
ing machine produces a plot of draw forces versus 
time. An idealized form of a typical curve produced 
by this recording device shows a fairly rapid rise to 
a peak value, a relatively prolonged descend, and 
then a slow rise and fall again. Thus, for purposes of 
visualization, one can consider the curve as consisting 
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Figure. 1. Setup used for drawing operation. 


of two humps with a trough between them; actually, 
the peak value of the second hump is much less than 
that of the first hump, and is close in value to that of 
the bottom of the trough. Nevertheless, this image of 
a two-humped curve will serve to describe the location 
of the three points that were selected for calculating 
the lubrication index; these points were the peak of 
the first hump, the bottom of the trough, and the peak 
of the second hump. These points are termed respec- 
tively the first maximum force, the minimum force, 
and the final maximum force. A typical recording, 
illustrating the location of these three values, is shown 
in Figure 2. The computed lubrication index, which 
is the sum of these three forces, established compara- 
tive levels of lubrication efficiency. A low value for 
lubrication index is desirable for it indicates low 


ind 





LOAD IN POUNDS 





30 


power consumption and low friction between tool and 
work. 

The average variance, s? calculated for the lubri- 
cation index of some thirty-five lubricants tested was 
found to be 20,000. The spread in variance values 
ranged from 1000 to 204,000. However, 90 per cent of 
the values were within 1000 and 30,000. Accepting a 
confidence level of 95 per cent, a difference of about 
250 in lubrication index would be significant for 90 
per cent of the lubricants. 


ALLOYS AND THEIR HEAT-TREATMENT 

The draw pieces used at the start of this investi- 
gation were made of R303 aluminum alloy. When 
additional draw pieces were required to perform the 
remaining tests, it was found that the R303 alloy was 
no longer available. The only available material being 
2024 alloy, it was used in place of the R303 alloy. 
Both alloys used were clad materials; thus the lubri- 
vated surface was that of the cladding material. The 
chemical analyses of these alloys and the cladding 
material are shown in Table 1. 

A two-part lubricating system was used in the 
fabrication of the third-draw pieces which were used 
for this investigation. Prior to drawing, the pieces 
were coated with a dried-on soap film obtained by im- 
mersion in an 8 per cent soap solution maintained at 
180 F and then permitted to air-dry. The coated 
pieces were drawn using a liquid lubricant consisting 
of a sulfurized fatty oil (SFO) blend. 

The following heat treatment was used to restore 
the draw pieces to the completely soft condition prior 
to the fourth drawing operation; care was exercised 
not to use draw pieces which had been heat-treated 
more than one week prior to conducting the lubrica- 
tion test: 

The R303 alloy draw pieces were heated at 825 F 
for four hours, quenched in water, and aged at 450 F 
for four hours, and air-cooled. They were then given 
an annealing treatment consisting of heating at 750 
F for two hours, furnace-cooling at a rate of 50 F per 
hour to 400 F, and air-cooled. 





60 


TIME IN SECONDS 


Figure 2. Graphic recording of draw forces showing selection of three points for calculation of lubrication index — 3340 (1600 
+ 830 + 910 = 3340). Draw piece was electrochemically treated, searic acid coated and drawn with SFO. 
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TABLE 1. SpecrroGrapuic ANALYSFS OF THE ALUMINUM ALLOoYs USED For DrawineG (ALL 
Vatuges ARE Maximum UNLESS OTHERWISE INDICATED. ) 














R303 2024 
CORE CLADDING* CORE CLADDING* 
ELEMENT PER CENT PER CENT PER CENT PER CENT 
Copper 0.8 to 1.2 0.1 4.0 to 4.5 0.1 
Magnesium 2.0 to 3.0 0.1 1.0 to 1.5 Not reported 
Silicon 0.15 to 0.25 0.2 to 0.3 
(Fe + Si)0.7 (Fe + Si)0.7 
Iron 0.3 to 0.4 0.3 to 0.5 
Zine 5.0 to 7.0 1.8 to 2.7 0.005 0.1 
Chromium 0.1 to 0.2 0.3 0.05 Not reported 
Manganese 0.05 0.05 0.5 to 0.7 0.05 
Titanium 0.05 Not reported 0.3 Not reported 
Nickel 0.06 0.05 0.05 Not reported 
Other elements: 
Total Not taken 0.15 Not taken Not reported 
Each Not taken 0.05 Not taken Not reported 
Aluminum Remainder Remainder Remainder 99.3 min. 





*Manufacturer’s data. 


The 2024 alloy draw pieces were heated at 775 F 
for two hours, furnace-cooled at the rate of 50 F per 
hour to 400 F and air-cooled. 


LUBRICANTS 


The two most widely used lubricants were a 
sulfurized fatty oil (SFO) blend and a soap solution. 
The sulfurized fatty oil blend consisted of 10 per cent 
sulfurized fatty oil, 10 per cent lard oil and 80 per 
cent mineral oil (300 SSU at 100 F). 

The soap solution was prepared by adding 8 
grams of a high-titer (40-42 C) soda tallow soap to 
100 ml of water. The mixture was heated to 180 F, 
at which temperature the soap is completely soluble. 
Test pieces intended for soap coating were immersed 
in this hot solution for about five minutes, then re- 
moved and permitted to dry at room temperature. 
When the soap solution was to be used as a liquid 
lubricant, the solution was heated only sufficiently 
to prevent jelling. 

The sulfurized fatty oil lubricant was applied 
sparingly to the die and punch just before drawing. 
The draw piece was immersed in the lubricant for 
five to 10 seconds, placed in the testing machine 
and drawn. 

Any aluminum pickup on the punch or die was 
removed by treatment in a 10 per cent sodium hydrox- 
ide solution maintained at about 200 F. The immer- 
sion time required for complete removal ranged from 
one to 15 minutes, depending upon the amount of 
pickup. An example of aluminum pickup on the die 
and punch is shown in Figure 3. 


SURFACE TREATMENTS 

Several surface treatments were investigated, In 
general the procedure used was as follows: 

Pickle. Draw pieces which were given a pickle 
prior to drawing were immersed in a five to 10 per 
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cent acid solution at room te. perature for three to 
five minutes. The acids used were sulfuric, hydro- 
chloric, phosphoric, chromic, nitric, acetic, formic, and 
oxalic. 

Alkali. The effect of treatment with various alka- 
line materials was investigated. They included dilute 
solutions of sodium hydroxide, borax, and silicates 
having various ratios of NasO to SiOz. 

Oxide. Two oxide surface treatments were inves- 
tigated—namely, an electrochemical oxidation proc- 
ess (Code A), and a chemical immersion process 
(Code B) using sodium carbonate and potassium di- 
chromate. Details of these oxidizing processes are 
given in Appendix I. 

Phosphate. Two phosphate surface treatments 
were tried—namely, a chrome-phosphate coating 
process (Code C), and a zine-phosphate coating proc- 
ess (Code D). Details of these two processes are given 
in Appendix II. 





SURFACE EVALUATION 

Several surface-measuring instruments were ex- 
amined for evaluating the condition of the drawn 
surface. A profilometer type was chosen because of its 
suitability in scanning curved surfaces. The instru- 
ment consists of three essential parts: the tracer unit, 
the amplifier and the autographic recorder. The in- 
strument employs a 60-degree angle stylus the me- 
chanical fluctuations of which are converted into 
electrical fluctuations and amplified to actuate an 
autographic recorder. The record represents the aver- 
age surface roughness—not the profile—of the surface 
being scanned. The surface condition is recorded in 
microinches, root mean square. 


Setup for Surface Evaluation. A lathe was found ex- 
pedient in performing the surface evaluation test. The 
lathe rotated the draw piece slowly and uniformly 
while the tracer unit scanned the surface. The bottom 
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curring on die and 
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of the draw piece was first cut off about 4 in. from 
its end and discarded. The remaining portion of the 
piece was then fitted to the end of a punch similar to 
the one used in the drawing operation. The other end 
of the punch was inserted in the chuck of the lathe for 
turning. The tail stock was brought up to the working 
end of the punch to true its rotation. The tracer unit 
was placed on the draw piece in such a manner that 
the stylus and skids rode on the crest of the rotating 
specimen. The fixture which held the tracer unit was 
attached to the automatic feed mechanism of the 
lathe. Thus by simultaneously rotating the chuck and 
operating the automatic feed mechanism, it was pos- 
sible to sean, if desired, the entire surface of the draw 
piece as the stylus produced a spiral track on the 
surface of the specimen. Actuaily, however, only eight 
linear inches of the surface were scanned. This cor- 
responded to five complete revolutions. 

The rotating specimen had a surface speed of 
20.7 in. per minute, the lowest speed permitted by the 
lathe. The automatie feed mechanism traveled at 0.73 
of an in. per minute. This combination of motions pro- 
duced a spiral having 19 turns per in. As the chart 
speed on the autographic recorder was 18 in. per 
minute, one revolution of the test specimen was 
equivalent to a distance of about one in. on the chart. 


Interpretation of the Graph. The character of the 
graph depicted the roughness or smoothness of the 
surface. A relatively smooth surface was represented 
by a curve of small vertical amplitude in the lower 
portion of the graph. A large amplitude indicated that 
the surface roughness was not uniform. 

Since most of the curves had a large amplitude, it 
seemed fitting to describe the graph by reporting the 
maximum and minimum microinch values as well as a 
value designated by a line drawn through the center 
of the densest portion of the graph. This line repre- 
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sents the average surface roughness, and, in the tables 
of this report, is designated as the “norm” value and it 
is shown in Figure 6. 


RESULTS 
PICKLED VERSUS NONPICKLED SURFACES 


In exploratory work on the study of lubricants 
for the drawing of 2024 aluminum alloy, it was found 
that mild pickling before drawing was advantageous 
in reducing the draw forces. It was learned also that 
the degree of scoring is considerably reduced by the 
use of dried films, such as soap, in conjunction with 
liquid lubricants. 

Table 2 compares the draw forces obtained with 
pickled and nonpickled draw pieces using respectively 
a dried-on film of soap, a sulfurized fatty oil blend, an 
eight per cent soap solution and a combined lubricant 
of a dried-on soap coat and the sulfurized fatty oil 
blend. The data clearly demonstrate that the five per 
cent sulfuric acid pickling treatment is beneficial in 
lowering the draw forces, although the improvement 
is slight. 

The lowest draw forces were obtained when a 
dried-on soap coat was used in conjunction with the 
sulfurized fatty oil blend. The surface condition of the 
draw pieces was better with the combined lubricants 
than with those shown in Table 2. 


OXIDE PRETREATMENT 


Electrochemical Process (Code A). It was found 
that the drawing of aluminum could be greatly im- 
proved by pretreating the surface of the draw pieces 
with an electrochemically deposited oxide coating. 

The electrochemical treatment used in the first 
experiment consisted of the treatment generally given 
to aluminum for corrosion protection; namely, a 30- 


TABLE 2. Errect oF PickuinG (IN 5% H.SO, ror 5 
Minutes aT Room TEMPERATURE) ON LUBRICATION 
INDEX IN DRAWING R303 ALLOY 





LUBRICATION 


PRETREATMENT LUBRICANT INDEX CONDITION 
Pickled Soap coat from £450 Excessively 
8% soap solution scratched 
Not pickled Soap coat from 4880 
8% soap solution 
Pickled SFO 5690 
Not pickled SFO 5800 
Pickled 8% soap solution 4660 
Not pickled 8% soap solution 4960 
Pickled Soap coat from 8% 3440 Slightly 
soap solution + scratched 
SFO* 
Not pickled Soap coat from 8% 3890 
soap solution + 
SFO* 





*SFO = Sulfurized fatty oil 
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TABLE 3. Errect or ELECTROCHEMICAL OXIDE TREATMENT 
(Copr A) Time on Drawinc R303 ALLoy, Ustne 
SFO (Sutrurizep Farry Ort) as LUBRICANT 





TABLE 4. Errect or ELECTROCHEMICAL OxIDE TREATMENT 
(Copr A) Time on DrawineG R303 Attoy, Usine 





ELECTROLYSIS TIME LUBRICATION SURFACE ROUGHNESS 





(MINUTES ) INDEX (MICROINCHES, RMS) 
ce : — - - — Min. Max. Norm 
60 4750 23 33 28 
45 4890 23 40 32 
30 4930 13 29 22 
20 4880 19 25 22 
10 4860 10 14 12 
6 4720 10 14 12 
2 4520 9 13 11 
1 4260 6 10 8 











minute treatment in a fifteen per cent to eighteen per 
cent sulfuric acid bath using a current density of 
about 12 amperes per square foot. The liquid lubri- 
cant used in drawing the electrochemically treated 
aluminum was a sulfurized fatty oil blend. The un- 
usually smooth surface resulting from this prelimi- 
nary test indicated that this pretreatment merited 
further investigation. 

A study was made to determine the effect on 
drawing of varying the time of the electrochemical 
treatment from one to 60 minutes. The results are shown 
in Table 3. The lowest lubrication index (4260) was 
obtained with a treatment of one minute. It can be 
noted that the lubrication index increases with elec- 
trolysis time until 30 minutes is reached. Using the 
same time schedule of anodic treatment, similar tests 
were conducted with mineral oils of viscosity 300 and 
600 SSU. These results are shown in Tables 4 and 5. 
The range in lubrication index for both of these liquid 
drawing lubricants is approximately the same. How- 
ever, both are at a lubrication level of about 1009 
units higher than the sulfurized fatty oil blend. The 
important factor is that the anodic pretreatment 
makes possible the drawing of aluminum with a 
mineral oil possessing no extreme pressure properties. 

Since the data in Tables 3, 4 and 5 indicate that 
the 1-minute anodic treatment resulted in the lowest 
lubrication index, it would seem logical that the 
l-minute treatment should be used for all future 
studies of the anodic pretreatment. However, pilot 
production studies which were being conducted simul- 
taneously demonstrated that a 1-minute anodic treat- 
ment was inadequate to accomplish several successive 
drawing operations. It was soon learned that a 30- 
minute treatment was required. Consequently, labora- 
tory studies that followed were made using a 30- 
minute anodic treatment. 

Many exploratory tests were conducted to deter- 
mine the most suitable lubricant for use in conjunc- 
tion with the electrochemically treated surface. The 
first series of tests was to determine the effect of a 
sealing treatment. The results are shown in Table 6. 
It can be noted that the lowest draw forces were ob- 


514 





























MINERAL O11 oF 300 SSU as LuBrIcANT 
ELECTROLYSIS TIME LUBRICATION SURFACE ROUGHNESS 
(MINUTES) INDEX (MICROINCHES, RMS) 
--= ————— wa Min. Max. Norm 
60 6570 25 42 35 
45 6100 26 44 35 
30 5880 12 20 16 
20 5880 8 18 13 
10 6130 10 18 14 
6 6080 5 8 7 
2 5860 2 6 4 
1 5660 3 8 5 
. . 9 
TABLE 5. Errecr or ELECTROCHEMICAL OxIDE TREATMENT 
(CopE A) Time on Drawina R303 ALLoy, Usine 
MINERAL O11 oF 600 SSU as Lusricant 
‘ 
ELECTROLYSIS TIME LUBRICATION SURFACE ROUGHNESS 
(MINUTES ) INDEX (MICROINCHES, RMS 
a Min. Max. Norm 
60 6140 32 36 36 
45 6430 32 40 35 
30 5850 24 40 27 
20 6040 15 yA} 20 
10 5780 8 12 10 
6 5660 6 14 10 
2 5300 5 12 8 
1 4900 4 10 7 
TABLE 6. Errecr or SEALING TREATMENT ON Draw Forces, 
Ustne ELecTROCHEMICALLY PRETREATED (CoDE 
A—30 Minute TREATMENT) R303 ALLOY 
LUBRI- 
SEALING LUBRI- CATION SURFACE ROUGHNESS 
TREATMENT CANT INDEX (MICROINCHES, RMS) 
———_————  ————-  —— Min. Max. Norm 
Stearic acid at 200F None 3200 24 36 27 
for 10 minutes 
Stearic acid at 200F SFO 3340 Not taken 
for 10 minutes 
Stearic acid at 200F Mineral 3320 24 36 at 
for 10 minutes Oil 
Palmitic acid at 200F None 3560 19 29 26 
for 10 minutes 
Oleic acid at 200F None 4070 24 46 35 
for 10 minutes 
Water at 210F Mineral 5670 17 30 24 
for 10 minutes Oil 
2% soap solution at SFO 3970 ze 35 29 
190F for 10 minutes 
8% soap solution at None 4750 Not taken 4 
190F for 10 minutes 
. 


tained with a stearic-acid treatment at 200 F for 10 
minutes. No appreciable difference occurs between the 
use of a sulfurized fatty oil blend and a mineral oil 
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of 300 SSU as a lubricant. Palmitic and oleic acid 
sealing treatments are effective media in reducing 
draw forces. Also, it was noted that a sealing treat- 
ment with a two per cent soap solution is superior to 
a water sealing treatment. 

An attempt was made also to determine the 
effect of various lubricant additives on electrochemi- 
- cally pretreated (30 minutes) draw pieces. The results 
in Table 7 show that the addition of two per cent 
stearic acid or two per cent palmitic acid to mineral 
oil is beneficial in lowering the draw forces. 

Bulk Ovxidizing. In an attempt to overcome the 
difficulties that arose in individually handling the 
draw pieces for the electrochemical process, a method 
for bulk processing was tried. Results were satisfac- 
tory when about thirty draw pieces were placed in a 
small, woven, aluminum basket fitted with a tightly 
clamped aluminum lid, and were electrochemically 
processed. The lubrication indices of these draw pieces 
are shown in Table 8. Comparison is also made with 
draw pieces which were individually treated. The 
surface condition of both groups was satisfactory. A 
smooth and glassy surface was noted on all draw 
pieces. : 

However, when a large basket was made to hold 
approximately three hundred draw pieces, it was 
found that the pieces which were held in the center of 
the basket were not affected by the treatment; only 
the pieces in contact with the basket were satisfac- 
torily processed. Many draw pieces lacked uniformity 
in the oxide coating. 


TABLE 7. Errect oF ADDITIVES IN DRAWING LUBRICANT 
Ustne ELEcTROCHEMICALLY PRETREATED (CopE 
A—30 Minute TREATMENT) R303 ALLOY 





LUBRICATION SURFACE ROUGHNESS 





LUBRICANT INDEX (MICROINCHES, RMS) 
——_——  ————————- Min. Max. Norm 
Mineral oil + 5220 Not taken 
+% stearic acid 
Mineral oil + 4020 Not taken 
2% stearic acid 
Mineral oil + 3900 13 27 18 
2% palmitic acid 
Mineral oil + 4620 10 18 14 
2% oleic acid 
Mineral oil + 4530 12 18 15 
5% oleic acid 
Mineral oil + 4520 12 20 15 
10% lard oil 
Mineral Oil + 4440 10 18 15 


10% lard oil and 
1% oleic acid 


Lard oil + 5340 Not taken 
10% oleic acid 

Lard oil neutralized 5380 24 44 34 
with NaOH 

Lard oil + 4100 Not taken 


10% oleic acid and 
2% palmitic acid 


TABLE 8. Comparison oF LuBRIcATION INDEX BETWEEN 
ELECTROCHEMICALLY PRETREATED (CopE A—30 MINUTE 
TREATMENT) Draw Preece (R303) PREPARED 
INDIVIDUALLY AND IN BULK 





INDIVIDUAL BULK 
LUBRICATION LUBRICATION 
LUBRICANT INDEX INDEX 
Stearic acid 3200 3800 
10% oleic acid in lard oil 4230 4380 
2% oleic acid in lard oil 4310 4580 
10% diglycollaurate in mineral oil 4960 4890 
SFO 4930 4700 
3% stearic acid in mineral oil 5230 5220 
10% oleic acid in mineral oil 5600 4310 
10% glyceryl monoricinoleate 5840 5890 





Despite the poor results obtained in these limited 
tests to pretreat the pieces in bulk, it is believed that 
a suitable method can be devised for the expeditious 
handling of draw pieces in production. A possible 
approach may be to use a conveyor system to carry 
the pieces through the entire process. 

Chemical Immersion Process (Code B). This is a 
simple chemical immersion process for producing an 
oxide coating. It was used as a surface treatment in 
conjunction with other liquid or solid lubricants for 
the drawing of aluminum. Results are shown in Tables 
9 and 10. 

Although it was noted that the lowest draw forces 
were obtained with a 7 minute treatment, it was de- 
cided that the 30-minute treatment be used as the 
standard for testing drawing lubricants. This decision 
was based on the opinion that in production a thick 
coating would be needed to permit several successive 
drawing operations without requiring a retreatment. 
Therefore, all data were obtained employing a 30- 
minute pretreatment. 


TABLE 9. Errect or CHEMICAL IMMERSION OxIDE TREATMENT 
(CopE B) on Drawine R303 Atioy, Ustne SFO as Lusricant 





IMMERSION TIME LUBRICATION SURFACE ROUGHNESS 





(MINUTES) INDEX (MICROINCHES, RMS) 
——— — — Min. Max. Norm 
30 4170 15 30 23 
20 4150 25 35 30 
15 3880 Not taken 
10 3650 16 25 21 
7 3310 Not taken 
5 3750 13 16 15 
2 3660 12 17 14 
1 3740 9 15 12 
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TABLE 10. Errect or SEALING ON CHEMICAL IMMERSION 
PRETREATED (CopE B—30 Minute TREATMENT) 
Draw Pisces (R303 Autor) 














LUBRI- 
SEALING CATION SURFACE ROUGHNESS 
TREATMENT* LUBRICANT INDEX (MICROINCHES, RMS) 
Min. Max. Norm 
Palmitic acid None 2640 20 38 28 
Stearic acid None 2880 26 39 31 
Oleic acid None 3140 32 46 34 
Palmitic acid SFO 2720 22 41 27 
Stearic acid SFO 2890 28 40 32 
Stearic acid Mineral oil 2890 27 45 33 
Dichromate SFO 4050 25 46 39 
solution 
Water solution SFO 4550 24 42 38 
Dichromate Mineral oil+ 3580 29. «+48 35 
solution 10% lard oil 
Dichromate Mineral oil + 3200 29 46 33 
solution 50% lard oil 
Dichromate Mineral oil + 3600 26 40 36 
solution 2% palmitic 
acid 
Dichromate Mineral oil + 3850 24 43 33 
solution 2% oleic acid 
Dichromate Mineral oil + 4510 25 49 35 
solution 2% lard oil 
neutralized 
with NaOH 
Dichromate Mineral oil 5000 31 52 42 
solution 





SFO = Sulfurized fatty oil. 
*At 200F for 10 minutes. 


Table 10 shows the effect of sealing of the oxide 
coating on the draw forces. It was noted that palmitic 
acid produced the lowest lubrication index of the seal- 
ing treatments with organic acids. The water sealing 
Treatments were not so effective as the organic acids. 
The dichromate seal, however, is more effective than 
the water sealing treatment. 


PHOSPHATE PRETREATMENT 


Two types of phosphate pretreatment, namely a 
chrome-phosphate coating (Code C), and a zinc- 
phosphate coating (Code D) were investigated. Re- 
sults indicate that neither is satisfactory as a surface 
pretreatment for drawing aluminum. The data pre- 
sented in Tables 11 and 12 show that pickling before 
phosphating the surface aids in lowering the draw 
forces, the explanation being that the oxide coating, 
normally found on all aluminum surfaces, is a barrier 
which prevents reactivity of the phosphating solution 
and is removed by the pickling process. 

Various lubricants were tried in conjunction with 
pickled and phosphated draw pieces, but none was 
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considered satisfactory because the surface condition 
of the draw pieces was rather poor. The drawn sur- 
faces were marked with moderate to excessive 
scratches running the entire length of the draw pieces. 


ALUMINUM ALLOYS R303 AND 2024 


The aluminum drawing investigation that fol- 
lowed was conducted on clad 2024 aluminum alloy 
because clad R303 alloy was no longer available. 


TABLE 11. Errect or Picxirne (In 10% H2SO, at Room 
TEMPERATURE FOR 5 MINUTES) AND CHROME PHOSPHATING 
(CopgE C) on Lusrication INDEX IN Drawine R303 
Autoy, Ustne SFO as a Lusricant 





FIRST LUBRI- 





MAX. CATION 
PRETREATMENT FORCE INDEX CONDITION 

Pickled, phosphated, 3100 5310 Moderately 
rinsed, and oven-dried scratched 

Pickled, phosphated, 3000 5100 ” 
rinsed, and air-dried 

Pickled, phosphated, not 3200 5610 a 
rinsed, and oven-dried 

Pickled, phosphated, not 3160 5530 ” 
rinsed, air-dried 

Not pickled, phosphated, 4930 (a) torn 
rinsed, and oven-dried 

Not pickled, phosphated, 4850 (a) torn 
rinsed, and air-dried 

Not pickled, phosphated, 4510 (a) torn 
not rinsed, and oven-dried 

Not pickled, phosphated, 4340 (a) torn 


not rinsed, and air-dried 





(a) Lubrication index was not obtained because the draw piece 
tore before the minimum and final maximum forces were 
reached. 


TABLE 12. Errect or Pickirne (In 5% H.SO, at Room 
TEMPERATURE FOR 5 MINUTES) AND ZINC PHOSPHATING 
(Cope D) on Lusrication INDEx IN Drawine R303 ALLOY 





LUBRI- 
CATION SURFACE 





PRETREATMENT LUBRICANT INDEX CONDITION 
Pickled, phosphated SFO 5390 Moderately 
scratched 

Not pickled, phosphated SFO 6390 ” 
Pickled, phosphated Lard oil + 4920 ; 

oleic acid 
Pickled, phosphated Lard oil 5100 ” 
Not pickled, phosphated Lard oil 6090 7 
Pickled, phosphated Mineral oil 6080 » 

of 970 SSU 
Not pickled, phosphated Mineral oil 7230 Excessively 


of 970 SSU scratched 
Mineral oil + 5630 Moderately 

10% oleic acid scratched 
Mineral oil + 7150 Excessively 

1% oleic acid scratched 


Pickled, phosphated 


Pickled, phosphated 
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Comparative tests were conducted to establish the 
relative lubrication indices for both alloys when using 
various lubricating systems and the results are given 
in Table 13. It can be noted that the lubrication in- 
dices in all cases are higher for the 2024 alloy than for 
the R303 alloy. Slight differences in indices exist 
between the R303 and 2024 alloys when the oxide 
pretreatments are used. Much larger differences in 
indices were obtained when the draw pieces were 
pickled, soap coated, and drawn with SFO. These 
differences in lubrication indices account for the diffi- 
culty which has been experienced in the experimental 
manufacture of pilot production lots of 2024 alumi- 
num alloy cartridge cases. 


MISCELLANEOUS PRETREATMENTS 


Silicates. Several exploratory tests were con- 
ducted to determine the effect of silicates of soda as a 
pretreatment for the drawing of 2024 alloy aluminum. 
The data presented in Table 14 indicate that the 


TABLE 13. Comparison OF LUBRICATION INDEX 
BETWEEN R303 AND 2024 ALUMINUM ALLOY 





LUBRICATION INDEX 











LUBRI- 
PRETREATMENT CANT R303 2024 
Pickled* and 8% soap SFO 3440 4330 
solution coated 
Electrochemical oxidation** SFO 4930 4980 
Electrochemical oxidation None 3200 3310 
and stearic acid coated 
Electrochemical oxidation SFO 4670 4850 
and dichromate sealed 
Chemical immersion oxidationt SFO 4170 4890 
Chemical immersion oxidation None 2880 3460 
and stearic acid coated 
Chemical immersion oxidation SFO 4050 4840 


and dichromate sealed 





*In 10% H.SO, at room temperature for 5 minutes. 
**Code A—30 minute treatment. 
+Code B—30 minute treatment. 


TABLE 14. Errect oF PRETREATMENT WITH SILICATES OF 
Sopa on 2024 Attoy, Ustnc SFO as LuBRIcANT 








SOLUTION STRENGTH, LUBRI- 
RATIO OF NaxO TEMPERATURE, AND DU- CATION SURFACE 
To SiO, RATION OF PRETREATMENT INDEX CONDITION 
1:1.60 10%, 150F 2 min. 4270 ~~ Excessively 
scratched 
20%, 150F 2 min. 4650 ” 
1:2.00 10%, 150F 2 min. 4130 ” 
20%, 150F 2 min. 4080 ” 
1:3.22 3%, 150F 2 min. 4350 9 
1:3.75 10%, 150F 2 min. 5270 ” 


20%, 150F 2min. 5720 * 


types of silicates included in this investigation are not 
an aid to the lubrication of aluminum. In general, the 
forces obtained in drawing aluminum pretreated with 
silicates of soda and using the SFO blend as the draw- 
ing lubricant are somewhat higher than those obtained 
when soap coating and SFO were used. In addition, 
the drawn-surface condition was considerably inferior. 
Numerous scratch marks appeared frequently, and 
several test pieces were torn during the drawing oper- 
ation. The die and punch had to be removed often to 
remove the aluminum pickup. The lowest draw forces 
were obtained when the Na2O to SiO» ratio was 1:2.00, 
using a 20 per cent solution. 


Mineral and Organic Acids. Conditioning of the 
surface by pickling in dilute solutions of mineral and 
organic acids prior to drawing with an SFO blend re- 
sults in various degrees of scratched draw pieces and 
a lubrication index greater than 4600. There was one 
exception. Pickling in acetic acid resulted in a lubri- 
cation index of 3830. The surface, however, was 
scratched. When the pickled surface was immediately 
coated with stearic acid and drawn with SFO, a vast 
improvement was noted in both a lowering of the lu- 
brication index and a minimizing of the degree of 
scratching. Table 15 contains the data obtained from 
this investigation. 


TABLE 15. Errect oF Stearic Acip CoATING ON ORGANIC 
Acid AND MINERAL AcID PRETREATED 2024 ALLoy, 
Ustnea SFO as LuBRICANT 





LUBRI- 
CATION SURFACE ROUGHNESS 
PRETREATMENT INDEX (MICROINCHES, RMS) 
—$—<$—$—___———————_-  ——_ Min. Max. Norm 
5% oxalic acid 4630 18 88 58 
5% oxalic acid and stearic 3640 12 18 16 
acid coated at 200 F 
for 10 minutes 
5% formic acid 4690 22 te 43 
5% formic acid and stearic 3770 12 16 14 
acid coated at 200 F 
for 10 minutes 
5% acetic acid 3830 18 38 24 
5% acetic acid and stearic 3300 10 16 13 
acid coated at 200 F 
for 10 minutes 
5% phosphoric acid 4750 28 >100 65 
5% phosphoric acid and 3750 10 19 16 
stearic acid coated 
5% nitric acid 5400 33 69 48 
5% nitric acid and 3930 19 46 28 
stearic acid coated 
5% sulfuric acid 5690 Not taken 
5% sulfuric acid and 3960 12 22 16 
stearic acid coated 
5% hydrochloric acid 5050 >100 >100 >100 


5% hydrochloric acid and 3920 Not taken 


stearic acid coated 
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Inorganic Salts. The investigation also included 
treatment with inorganic salts. Results are shown in 
Table 16. In general, draw forces were high and the 
surface condition of the drawn pieces was poor. Sev- 
eral pieces tore during the drawing operation. A 10 per 
cent ammonium sulfate solution was best, with a lu- 
brication index of 3590 when drawn with SFO. How- 
ever, the surface condition was poor. Several scratch 
marks appeared on the drawn pieces. Pretreatment 
with 30 per cent hydrogen peroxide was unsatisfac- 
tory. The treatment of aluminum in a solution of 10 
per cent zine oxide and 0.5 per cent sodium hydroxide 
results in the deposition of zine on aluminum. It was 
found that by treating the zine coated aluminum draw 
pieces in a soap solution, the zine is converted to a 
zine soap, which appears to be an aid in lubrication. 
The draw forces are lower than most other inorganic 
salt treated pieces within the group. 


SURFACE EVALUATION 


Surface roughness data are presented in the 
tables, together with the lubrication index given for 
ach lubrication study. Analysis of the data in 
Table 3 indicates that the smoothest surfaces were ob- 
tained with the pieces which were given the shortest 
pretreatment. In generai, it was noted that the surface 
roughness increases as the pretreatment time is in- 
creased. A comparison of the surface data given in 
Tables 3, 4 and 5 shows that the surface condition is 
not appreciably affected by the type of liquid lubri- 
‘ant that is used. With reference to the values given 
in Table 6 and 7, it can be seen that the minimum, 
maximum, and norm values are at about the same 
level as those described in Tables 3, 4 and 5. There 
appears to be a slight correlation between the surface 


TABLE 16. Errect oF PRETREATMENT WITH INORGANIC SALTS 
FOR Five Minutes AT 75F To 85F on 2024 ALLoy 
Usine Sutrurizep Farry Orn as LUBRICANT 





LUBRI- 
CATION SURFACE ROUGHNESS 
PRETREATMENT INDEX (MICROINCHES, RMS) 
—— Min. Max. Norm 
30%"hydrogen peroxide 4790 >100 >100 >100 


10% zine oxide + 0.5% NaOH 3950 29 42 36 
+ dried on soap coat from 
8% soap solution 
10% ammonium sulfate solution 5470 >100 >100 >100 
10% potassium aluminum sulfate 5310 >100 >100 >100 


10% waterglass + 5% borax 5150 >100 >100 >100 

5% sodium metasilicate 5490 >100 >100 >100 
and tearing 

1% TSP* + 2% sodium 6000 >100 >100 >100 


metasilicate 
1% TSP + 4% sodium metasilicate 5280 >100 >100 >100 





*Trisodium phosphate 
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values and the lubrication index. However, it is noted 
that about 75 per cent of the microinch values fall 
within 15 to 30. 

Table 9 shows the roughness values obtained in 
the time study of the draw pieces treated by the 
chemical immersion process (Code B). These data 
again show that the smoothest surfaces were obtained 
with the draw pieces which were given the shortest 
pretreatment, and that the surface condition varies 
with the extent of the treatment. In general, the longer 
the pretreatment, the greater the roughness. From an 
examination of the data presented in Table 10, it is 
apparent that the dichromate sealing treatment tends 
to increase the surface roughness. The majority of the 
values fall within the range of 30 to 38 microinches. 
Although this range is higher than the range of the 
electrochemically treated draw pieces, the differences 
are small. There also exists some overlapping in the 
values. Therefore the surfaces produced from either 
oxide pretreatment are considered equal. 

When the surface is scored, such as was obtained 
in the draw pieces described in Table 14, it is imprac- 
tical to obtain roughness readings because the rough- 
ness exceeds the capacity of the instrument. There- 
fore, surfaces whose microinch values are greater 
than 100 are not reported. The roughness readings re- 
ported in Table 15 shows the effect of stearic acid 
coating on acid pretreated draw pieces. The stearic 
acid coating produces a smoother surface, for it will 
be noted that a sharp reduction in microinch values 
was obtained for the stearic acid coated piece. The 
same pattern is observed in the lubrication index; 
namely, stearic acid coating resulted in a 10 to 40 per 
cent reduction in lubrication index. In general, this 
illustrates that a low lubrication index usually is 
accompanied by a low microinch value. 


DISCUSSION 
ELECTROCHEMICAL PRETREATMENT 


General. The spectacular results obtained with 
electrochemically treated (Code A) draw _ pieces 
clearly demonstrate that conditioning the aluminum 
surface prior to drawing is of primary importance. 
The electrochemical process produces a surface coat- 
ing which is an integral part of the jarent metal. It is 
porous, and therefore serves as a host for the liquid 
lubricant. It is ductile, and can withstand the severe 
pressures and elongations existing during a drawing 
operation. The value of this coating is further demon- 
strated by the severe drawing that can be accom- 
plished with only mineral oil, a nonpolar lubricant. 
Thus, the electrochemical pretreatment provides an 
ideal surface for drawing aluminum. 

It would seem that the improved lubrication 
afforded by the electrochemical pretreatment would 
be reflected in a lower lubrication index value. Instead 
it was found that the lubrication index was somewhat 
higher than the index of an untreated aluminum draw 
piece, each being drawn with the same liquid lubri- 
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eant. A possible explanation for this apparent 
anomaly is as follows: The lubrication index is a 
measure of the total energy required to draw an alum- 
inum draw piece. In the case of the untreated alumi- 
num draw piece, the total energy expended is equal 
to the sum of the work required to plastically deform 
the aluminum and to overcome the forces of friction 
between the work and the tools. However, in the case 
of the electrochemically pretreated draw piece, there 
is the added work necessary to deform the oxide coat- 
ing, which has an appreciable thickness and hardness. 
Consequently, the level of lubrication index is cor- 
respondingly higher. It follows, therefore, that lubri- 
cation indices are comparable only when differences 
in lubricating systems of the same general type are 
being investigated. 

Many investigators have reported on the struc- 
ture of aluminum surfaces which are produced elec- 
trochemically. Edwards and Keller (4) report their 
findings in an article which is generously illustrated 
with photomicrographs obtained by means of the 
optical and electron microscopes. The photomicro- 
graphs reveal that the coatings have a “cellular struc- 
ture composed of walls of oxide surrounding the pores 
or, What is more likely, a group of pores.” Also, the 
oxide coating appears to “consist of two layers—an 
upper layer, dark and without visible structure, and a 
lower layer next to the metal, which shows alternate 
light and dark bands more or less radically disposed 
toward the centers from which growth started. Closer 
examination reveals further details, such as small oval 
or circular markings in the area near the upper zone 
and in other areas. Near the oxide-metal interface, a 
darker band is evident. Just beneath this band, there 
appears a delicate tracery which reveals the contour 
of the advancing oxide front. This is the location of 
the barrier layer where the significant growth proc- 
esses are taking place.” 

Further evidence that the anodic coating is 
porous is given by Edwards (5), who states that “The 
oxide itself is a noneonductor and there must be in- 
numerable capillary pores or channels which pene- 
trate the coating and carry the electrolyte” to the 
base aluminum where the oxidation process occurs. 

Thickness of Electrochemical Coating. It is 
known that aluminum exposed to the atmosphere 
always bears on its surface a natural film of oxide. 
Investigators (6) report the thickness of the film to 
be of the order of 0.5 x 10~® inch. Films of greater 
thickness are readily produced on aluminum bv spe- 
cial anodic treatment processes. The thickness will de- 
pend upon the type of electrolyte used, the voltage, 
and the time employed in the process. It is reported 
(6) that, in general, commercial anodic coatings have 
a thickness varving from 0.0001 .o 0.0096 inch. How- 
ever, in a sulfurie acid bath, a coating of 0.0004 inch 
thickness (7) is formed by a half hour anodic oxida- 
tion at a current density of 12 amperes per square 
foot. 
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Abrasion resistance data (8) on anodically pro- 
duced coatings on aluminum are reported by Arlt. He 
states that “when abrasion values are related to oxi- 
dizing time, it appears that the abrasion resistance 
approaches a maximum for the processing conditions 
employed. There are some indications that the un- 
sealed coatings drop off in abrasion resistance after a 
critical oxidizing time has been reached. This is also 
reflected in the thickness values.” The same trend was 
observed in this investigation. From the data pre- 
sented in Table 3, it will be noted that the highest 
draw forces, as indicated by the lubrication index, 
were obtained with the 30 minute pretreatment. It is 
of interest to note that Arlt’s data show that the 
maximum abrasion resistance is obtained from coat- 
ings produced by a 40 minute treatment. Both data 
cover the range from 1 to 60 minutes, and the peak 
in the curve exists at approximately the 30 to 40 
minute treatment. Although coatings produced elec- 
trochemically are quite hard, and referred to as being 
comparable in hardness with their mineral counter- 
part corundum, Hill and Mason (9) report that “these 
coatings are surprisingly elastic in spite of their min- 
eral like hardness.” It may be this “elastie’’ charac- 
teristic of the anodic coating that makes possible the 
drawing of aluminum. The explanation seems to be 
that as the bare metal stretches during the drawing 
operation, the coating elongates to supply the neces- 
sary coverage and protection. 


Microscopic Examination of Coating. An attempt 
was made to understand the mechanism by which the 
anodic pretreatment aids in the drawing of alumi- 
num. The coatings produced on aluminum R303 and 
2024 were examined with a microscope and the exam- 
ination showed that the surface of aluminum anodized 
in sulfurie acid for 30 minutes at a current density of 
12 amperes per square foot was not smooth. The sur- 
face has a crazed appearance being covered with a 
labyrinth of minute fissures running in many direc- 
tions. Keller and Wileox (10) report that ‘the electro- 
lyte used for the anodic treatment causes a slight 
etching attack on the constituents and matrix.’’ The 
oxide first formed as the coating growth progresses is 
in contact with the electrolyte, and is subject to its 
solvent action throughout the process. The structure 
of the oxide coating will depend upon the alloying 
elements in the exposed surface of the draw piece. 
These elements may be in solid solution, they may 
form intermetallic compounds which ean be put into 
solid solution by thermal treatment, or they may be 
intermetallic compounds which are insoluble in solid 
aluminum. These compounds, or microconstituents, 
are attacked differently by the electrolyte; some are 
dissolved or oxidized either at the same rate or more 
rapidly than the aluminum matrix. The products of 
these transformations constitute the anodic coating. 

The only explanation arrived at from these 
studies is that the spongy coating produced by the 
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Cup 1st 2nd 
Draw Draw 


electrochemical treatment serves to harbor the liquid 
lubricant. The tenacious and ductile properties of the 
coating also are important in providing the barrier 
between aluminum (the work) and steel (the tools). 


ELECTROCHEMICAL PRETREATMENT 
IN PILOT PRODUCTION 


Drawing. The principal benefit derived from the 
use of an anodic pretreatment for aluminum drawing 
is the number of successive drawing operations that 
can be accomplished from one pretreatment. For ex- 
ample, in the manufacture of caliber 0.30 and 0.60 
cartridge cases, using a four-draw schedule, it was 
found that the electrochemical pretreatment given 
the cup was sufficient to process the lot through the 
four drawing operations. The liquid lubricant em- 
ployed during the drawing operation consisted of a 
sulfurized fatty oil blend. The sequence of operations 
consisted of the following: The pretreated cup was 
given the first draw, using SFO blend. The liquid lu- 
bricant was removed by means of a trichloroethylene 
vapor degreaser. The cleaned draw pieces were given 
an annealing treatment, and on cooling were ready for 
the second drawing operation, which was accomplished 
simply with the aid of the SFO blend. This cycle was 
repeated until the final drawing operation was ac- 
complished. The appearance of the surface at each of 
the drawing operations is shown in Figure 4 for the 
caliber 0.30 cartridge case. 

From the preceding discussion of the sequence of 
operations, it will be noted that the anodized surface 
is not adversely affected by the annealing treatment. 
This is an important factor, and simplifies the draw- 
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Figure 4. Drawing sequence of Cal. 0.30 Aluminum Cartridge Case. 
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ing procedure considerably. Other investigators have 
found that anodizing aluminum prior to heat treat- 
ing is beneficial. Gresham and Hall (11) report that 
an anodic coating on aluminum will prevent minute 
superficial cracking of the surface during the high 
temperature annealing treatment. 

The anodizing pretreatment also has been used 
successfully for both the clad and bare 7075 alloy 
aluminum during caliber 0.30 and 0.60 pilot-lot pro- 
duction tests. 

It is of interest to note also that the electro- 
chemical pretreatment has been employed successfully 
in the drawing of the Aircraft Personnel Catapult 
Cartridge Case, using 5052 alloy aluminum. This is a 
reverse drawing operation (12,13) without reduction 
of metal thickness along the side wall. After several 
trial experiments it was found that a 2 minute electro- 
chemical treatment prior to drawing was the most 
suitable pretreatment for this operation. The 30 min- 
ute pretreatment resulted in wrinkled metal along the 
side wall and in numerous rub marks. Therefore it 
was unsatisfactory. Several thousand of these cart- 
ridge cases have been manufactured with the electro- 
chemical pretreatment. The use of this pretreatment 
has eliminated many shop difficulties, such as galling, 
scratching, metal pickup on tools and tearing. 


Forging. The electrochemical pretreatment has 
been successfully employed in hot forging the head of 
Cartridge T109 for Catapult, Aircraft Personnel, T5, 
using 2017 alloy aluminum. The difficulty encountered 
in this forging operation was that of frequent alumi- 
num pickup on the toels, which resulted in poor sur- 
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Figure 5. Head of cartridge T109 for catapult aircraft per- 
sonnel T5. Left: head forged at 750F using graphite as a lu- 
bricant; Center: machined blank prior to forging; Right: 
head forged at 400 F previously electrochemically treated 
and lubricated with stearic acid. 


faces and the need for frequent die cleaning. Figure 5 
illustrates the difference in results obtained with a ma- 
chined blank forged at 400 F using graphite as a lu- 
bricant, and the same component forged after being 
given an electrochemical pretreatment. A pilot pro- 
duction lot of three hundred units was hot forged in 
this manner without any difficulty. 

Extruding. Tests were conducted to determine the 
suitability of an electrochemical pretreatment on bare 
7075 alloy aluminum employing a backward extrusion 
process. A 1/2 in. diameter and 9/16 in. high slug was 
extruded to an overall height of 1-3/4 in. Caliber 0.30 
cartridge cases were made from the extruded pieces. 

Excellent results were obtained by giving the 
slugs a 30 minute pretreatment, and coating them 
with stearic acid. 


CHEMICAL IMMERSION PRETREATMENT 


The literature reports (14) that the oxide coating 
produced by the chemical immersion process is usually 








MINIMUM 20 MICROINCHES, RMS 
MAXIMUM 52 MICROINCHES, RMS 


Figure 6. Surface roughness record of an electrochemically 
treated draw piece using the 0 to 100 scale (O to 10 scale 
X 10). 
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less resistant to abrasion and corrosion than the elec- 
trochemical coating. Nevertheless, tests have shown 
that this oxide coating (Code B) serves adequately in 
the drawing of aluminum. 

Only a limited study was made of the oxide coat- 
ing produced by the chemical immersion process. 
Microscopic examinations of the coating (X 100) do 
not reveal sufficient information to explain the mecha- 
nism which makes possible the drawing of aluminum. 
This oxide surface appears to be mildly etched. It does 
not exhibit deep etch marks, such as were noted in the 
surface of the electrochemically treated aluminum. 

The principal advantage in the use of this oxide 
pretreatment is its simple procedure of application. 
No special equipment nor individual handling is re- 
quired. This is an important factor when large pro- 
duction quantities are to be processed. In addition, 
the chemical immersion process is less costly than the 
electrochemical process from the standpoint of the 
special equipment a>d the electrical power that are 
required. 


CHEMICAL IMMERSION PRETREATMENT 
IN PILOT PRODUCTION 

The chemical immersion pretreatment plus the 
dichromate sealing treatment will successfully permit 
the processing of caliber 0.30 aluminum cartridge 
cases through two consecutive drawing operations. 
Three consecutive drawing operations have been ac- 
complished with partial success. The sequence of 
drawing oper; -%* is the same as the one described 
for the electrct.e.nically treated draw pieces. The 
liquid drawing lubricant is the sulfurized fatty oil 
blend. The alloys used in the production trial tests 
were bare 7075, and clad 7075 and R393. 

The chemical immersion pretreatment was tried 
in the fabrication of caliber 0.60 cartridge cases, using 
clad 7075 alloy. The first drawing operation was suc- 
cessful. The draw pieces could not be processed 
through the second drawing operation without another 
surface pretreatment. However, in order to avoid de- 
lay in the processing of this lot, it was deemed ad- 
visable to pretreat electrochemically the draw pieces 
for the remaining draws. 


PHOSPHATE PRETREATMENT 

The two types of phosphate pretreatments used 
were intended primarily to apply a nonmetallic coat- 
ing which would serve as a host to the liquid lubricant. 
One process produced a chrome phosphate coating 
(Code C). The principal constituents in its formula- 
tion are chromates, phosphates, and fluorides (15). 
The other process produced a zine phosphate coating 
(Code D). Both pretreatments produced a thin, dense 
coating which was well integrated with the parent 
metal. 

The phosphate pretreatments were not found to 
be advantageous in drawing aluminum. The lubrica- 
tion indices obtained with both pretreatments were 
high, and generally of the same order of magnitude. 
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In addition, the drawn surface conditions were con- 
sidered poor. 


MISCELLANEOUS PRETREATMENTS 


The use of silicate as an aid in the hot working 
or shaping of metals was reported as early as 1948 by 
Carpmaels and Ransford (16) who found that a solu- 
tion of silicate of soda with dilute hydrochloric acid 
‘an be used successfully as a lubricant in the forming 
of metals. 

However, the data on the use of silicates in this 
study show that silicates do not lend themselves to the 
successful lubrication of aluminum. Similarly, the va- 
rious mineral and organic acid pretreatments which 
were tried did not prove to be adequate as drawing 
aids. 

The most promising inorganic pretreatment was 
the zine oxide; plus sodium hydroxide. Logozzo and 
Neill (17) report that aluminum can be zine plated by 
immersion in a 10 percent zine oxide and 0.5 percent 
sodium hydroxide solution maintained at 60 F to 80 F. 
Since aluminum is less noble than most of the com- 
mon metals, it will replace these metals from solutions 
of their salts. The alkaline sodium zincate solution 
dissolves the thin oxide film from the aluminum sur- 
face, and replaces it with a thin layer of metallic zinc. 
When the aluminum surface is completely covered 
with metallic zine, the reaction virtually ceases. Most 
of the reaction appears to take place during the first 
few seconds of the immersion period, which is from 30 
seconds to two minutes in duration. The results ob- 
tained from these tests indicate that the deposit of 
metallic zine on aluminum serves adequately in an- 
choring the lubricant to the surface. 


SURFACE EVALUATION 


The surface condition of a draw piece is one of 
the important factors in determining the merits of a 
lubricant. A poor lubricant will produce a rough sur- 
face, i.e., the surface will be scored, indicating that 
metal seizure occurred during the drawing operation. 
Conversely, a smooth surface, or one which is free 
from score marks, will indicate good lubrication. 

It was found that correlation exists between sur- 
face values and lubrication indices. This will best be 
seen in microinch values reported for the study of 
electrochemical pretreatment (Tables 3, 4 and 5). In 
general, surface studies served a useful purpose, par- 
ticularly for gross differences. However, because of 
the overlapping of values in many instances, greater 
reliance was placed on the lubrication index for the 
evaluation of lubricants. 


CONCLUSIONS 


Laboratory tests have demonstrated that the 
condition of the aluminum surface is equally as im- 
portant as the drawing lubricant. An oxide coating 
produced either by electrodeposition process or by a 
chemical immersion process is advantageous in form- 
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ing aluminum. A sulfurized fatty oil blend is an ex- 
cellent liquid drawing lubricant for use in combination 
with either of the oxide surface pretreatments. 

Other surface pretreatments were inferior to the 
oxide pretreatments. 

The lubrication index with clad aluminum alloy 
R303 is lower than with clad alloy 2024 when drawn 
under similar conditions of pretreatment and liquid 
drawing lubricant. 

Shop tests have corroborated laboratory finds in 
the drawing of both clad and bare 7075, R303, 2024, 
and 5052 aluminum alloys. Several consecutive draw- 
ing operations were accomplished successfully with 
only one oxide pretreatment. 

Limited shop tests have shown that forging and 
extrusion of aluminum are facilitated by the oxide 
pretreatment. 
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APPENDIX I 
OXIDE TREATMENT 


CODE A. 
1. Alkaline clean at 180 F for 2 minutes: 
3 oz/gal sodium metasilicate. 
0.3 oz/gal alkyl] aryl sulfonate. 
2. Water rinse (cold) 
3. Electrolytic treatment: 
(a) Electrolyte: sulfurie acid, 15% to 18% by volume. 
(b) Temperature of bath: 70 to 77 F. 
(c) Current density: 12 to 13 amperes per sq ft. 
(d) Time: 30 minutes 
4. Water rinse and dry. 
Two sealing treatments were used, as follows: 
1. Hot water sealing at 200 to 210 F for 15 minutes. 
2. Dichromate sealing using 44 lb of sodium dichromate per 
100 gallons of water at 180 to 190 F for 10 minutes. 
CODE B. 
1. Alkaline clean at 160 to 180 F for 2 minutes: 
3 oz/gal sodium metasilicate 
0.3 oz/gal alkyl aryl sulfonate. 
2. Water rinse (cold). 
3. Pickle in concentrated sulfuric acid at room temperature 
for 1 minute. 
4. Water rinse (cold). 
5. Pickle in 8% phosphoric (85%) acid plus 0.8% surface- 
active agent of the polyether-alcohol type at 110 to 
120 F for 2 to 5 minutes. 
6. Water rinse (hot). 
7. Chemical treatment at 180 F for 30 minutes: 
23.3 lb sodium carbonate and 13.3 0z potassium dichromate 
per 100 gallons of water. 
8. Rinse (cold or hot) and air-dry. 
9. Seal at 180 F for 10 minutes in a solution of 44 Ib of 
sodium dichromate per 100 gallons of water. 
10. Water rinse (hot). 
11. Dry with aid of forced hot air. 


(See page 539 for Appendix IT and Bibliography) 


December, 1958, LUBRICATION ENGINEERING 

















Chemical Nature of Extreme Pressure Lubrication 


ABSTRACT 


Engine performance can be improved and seizing can be 
prevented by incorporating an organo-metallic complex in 
the lubricating oil. The complex is selected from materials 
which decompose at high temperatures and produce a solid 
mineral deposit. 

It has been proved that the formation of this deposit and 
its subsequent elimination play an important part in the 
mechanism of lubrication. The elimination of the deposit is 
made easier by selecting the lubricant in which the complex 
is dissolved. 

Each material chosen will contri»ute its own character- 
istic lubrication properties. Various materials«may be com- 
bined to produce lubricants capable of improved performance. 


INTRODUCTION 

In a preceding paper! on the functioning of ex- 
treme-pressure additives, it was found that chemical 
reactions with lubricated surfaces are favored by pres- 
sure. It can be shown that good extreme-pressure ad- 
ditives are not removed by heavy pressures; on the 
contrary, they are strongly absorbed on the rubbing 
surfaces, and their decomposition is hastened by the 
temperature rise caused by friction. In the extreme 
case in which the test rig is stopped by imposing too 
great a pressure, the stopping cannot be attributed to 
failure of lubricant. Since the lubricant film is broken 
or destroyed, it is not present and cannot be held to 
blame for what happens in its absence. Further, the 
products of the reaction with the rubbing surfaces un- 
der these conditions are no longer lubricants and 
should not be so considered. The conclusion was 
reached that chemical attack of the rubbing surfaces 
and the formation of iron sulfide or chloride, which are 
less firmly incorporated in the metallic surfaces than 
are the iron atoms from which they are derived, pro- 
duce surfaces that can be removed by rubbing. It is to 
this removing of the reaction products that the main 
action in extreme-pressure lubrication can be at- 
tributed. 


CHEMICAL ACTION 
It is easy to conceive that the chemical reaction 
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is most intense on projecting points of the rubbing 
surfaces, for it is on these points that pressure is the 
heaviest. Chemical reaction smooths surfaces, not only 
by removing asperities, but also by filling up the holes 
with iron sulfide or chloride reaction products. One 
can also imagine that these reaction products, which 
are shed as soon as formed, function as an array of 
solid particles between the two rubbing surfaces, some- 
what in the fashion of very small ball or needle bear- 
ings. 

The chemical action of the E-P additives permits 
the continual renewing of the compressed and pres- 
sure-hardened surfaces. These additives permit, or 
even encourage, wear of the lubricated surface; how- 
ever, such wear is much less than that which would 
take place without the additive. The tearing up of 
large particles in the absence of E-P additives is re- 
placed by an orderly and far less destructive and 
limited chemical attack of the surfaces. 

The relative importance of the chemical attack 
per se, and of the solids which are formed by the 
chemical attack, remain to be established. One action 
of the reaction products is limited to forming a pro- 
tective screen between the two metal surfaces which 
prevents seizing. The solid iron sulfide or chloride 
could also play the part of an abrasive, able to abrade 
and polish the rubbing surfaces. Such action would be 
related to the hardness of the reaction product and to 
the quantity formed. 

The chemical action is more complex. The forma- 
tion of the solid wears the metal surfaces and causes 
polishing, as described. However, it is by no means 
settled that the reaction product need be formed solely 
from the metal of the sliding surfaces. It may not be 
necessary to destroy the bearing surfaces to form 
beneficial reaction products. The possibility exists 
that all the components to form the solid reaction 
products can come from additives in the lubricant. To 
explore this possibility, a search was made for oil- 
soluble complexes which: 

a) Contain aliphatic groups with long chains to 

confer solubility ; 
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TABLE 1 Errect or MoLyBpENUM LAURYLXANTHATE ON LOAD CARRYING CAPACITY IN THE FAVILLE TEST 











A A+2%B A+4%B A+6%B 

MOTOR LOAD TORQUE LOAD TORQUE LOAD TORQUE LOAD TORQUE 
VOLTS KG KG KG KG 

80 375 0.02 350 0.02 375 0.02 325 ae 

100 625 0.14 70¢ 0.13 7 0.14 600 0.10 

120 625 0.30 1125 0.23. 1325 0.25 1075 0.22 

140 ~_ ~_ 1700 0.40 1950 0.42 1800 0.35 

160 — — — — >2000 0.37 





A = Mineral Oil (SAE 30), B = Laurylxanthate of Molybdenum 


b) Contain a metal and sulfur (or oxygen); and 
c) Decompose at temperatures reached under ex- 
treme-pressure conditions, that is to say be- 
tween 200 and 300°C, to deposit a mineral 
compound insoluble in lubricating oils. 
Such a complex must as far as possible be chemically 
inert, and must not attack the surfaces to be lubri- 
cated. Apart from being able to tailor the properties of 
stability to obtain the desired result, this approach 
also permits selecting and controlling the properties of 
the solid formed within the oil film. Hardness especi- 
ally can be controlled by a well-advised choice of a 
metal or a metal compound. For example, one should 
be able to produce solid decomposition products as 
widely different as metallic copper or mercury, metal 
oxides of lead or aluminum, or sulfides of nickel or 
molybdenum. 


TESTS AND RESULTS 


Organo-molybdic compounds were chosen to be 
explored first. The very first were the molybdic xan- 
thates. These, however, were not stable enough, since 
they decomposed at room temperature in a few days. 
Nevertheless, the experiments were useful, for they 
gave some interesting results and showed that the 
basic idea was sound. As more stable molybdic com- 
plexes were sought, the molybdenum blues were tried. 
These are soluble in mineral oils in any proportion and 
are quite stable. Solutions withstood heating in air at 
120°C for weeks without decomposition. 

(a) Faville Rig. In order to test extreme-pres- 
sure lubricants, either the Faville or the Four-Ball 
Test Rigs were used. Emphasis was on the former and 
its test pin was examined with both the microscope 
and the profile meter. Tables 1 and 2 give results ob- 
tained with molybdic xanthates. The lauryl or the 
butylxanthate of molybdenum are respectiv-ly dis- 
solved over a range of concentrations in mineral oil. 
One can see that optimum performance is reached 
between two and four per cent for the laurylxanthate, 
and at about two per cent for the butylxanthate. 
These results are interesting because, at the same con- 
centration, the butylxanthate produces more of the 
solid reaction products than does the laurylxanthate. 
In order to have good lubrication, it is necessary to 
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secure a minimal deposit. The quantity may be very 
small. Greater quantities do not change the perform- 
ance appreciably. 

A second point of interest to note is the difference 
between the two xanthates in the tests with six percent 
additive. With equal loads, for example 1800 kg, the 
torque is 0.35 for the laurylxanthate, compared with 
0.56 for the butylxanthate. As the friction coefficient 
is proportional to the torque, other things being equal, 
it is to a difference of the friction coefficient that one 
must attribute this difference in toreue. It is there- 
fore concluded that aliphatic groups, attached to the 
molybdenum by means of the xanthogen group, play 
an appreciable part in friction effects. 

The examination of the Faville test pins showed, 
on the places on which the pressure of the jaws was 
exerted, a brown-black color from molybdenum-oxy- 
sulfide. The surface was smooth and oily to the touch. 
Under the microscope, it was possible to see shoals of 
very fine white lines, perpendicular to the axis of ro- 
tation, separated by large dark bands. According to 
the angle of incidence of illumination, these lines may 
also appear black, separated by very brilliant bands. 

The pins were examined with a profilometer to 
learn if these lines corresponded to scoring. Even at 
graphic enlargement of 10,000x in a perpendicular di- 
rection to the axis, no trace of scoring could be ob- 
served. In contrast to the parts of the pin not sub- 
jected to load, which showed a very uneven profile, 
the loaded areas showed a smooth surface with no 
trace of asperities or hollows. It is difficult to put a 


TABLE 2 Errect or MoLtyspENUM BUTYLXANTHATE ON 
Loap CARRYING CAPACITY IN THE FAVILLE TEST 





A + 2% or BUTYLXANTHATE 











OF MOLYBDENUM A+ 6% 
MOTOR LOAD TORQUE LOAD TORQUE 
VOLTS KG KG 
80 325 o— 300 — 

100 700 0.12 575 0.08 

120 1175 0.24 1025 0.19 

140 >2000 0.40 1400 0.34 

160 — — 1800 0.56 





A = Mineral Oil (SAE 30) 
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proper interpretation on these lines since they should 
correspond to inequalities in the deposits covering the 
surface. 

It was concluded that the action of a solid de- 
posit on the lubricated moving surface makes it easier 
to polish the surface and that high performances re- 
sult in part from this polishing action. 

(b) Four-Ball Rig. The importance of the solid 
reaction product and of the time necessary for its 
formation may be demonstrated by tests with the 
Four-Ball Rig. Table 3 summarizes the results ob- 
tained according to: (a) the standard method in which 
one renews the four balls after each test, and (b) a 
“grinding test” in which the same balls are submitted 
to a series of increasing pressures. A solution of two 
percent of molybdenum blue, complexed by dicetyl- 
thiophosphate, was dissolved in a SAE 30 mineral oil 
for the tests in Table 3. The oil-soluble molybdenum 
blue does not attack iron. Tests on oil deterioriation 
in the presence of iron give complete assurance on this 
point. The sole factor in these experiments with the 
Four-Ball Rig is thus the formation of a solid reac- 
tion product produced at points of high pressure from 
a sulfur compound of molybdenum. 

In the grinding tests, the solid reaction product has 
time enough to form while the pressure exerted on the 
balls is increasing. In the standard tests, on the other 
hand, time is limited and it is possible that the quan- 
tity of oil between the balls in contact area is not suf- 
ficient to form a deposit which is coherent and thick 
enough to resist the high pressure. Important differ- 
ences were found in the two types of tests which are 
believed to be related to the formation of this solid 
deposit. The importance of this conclusion is obvious. 

(c) Effect of Solvent Carrier. However, one must 
not neglect the contribution of the carrier which must 
carry the mineral complex to the pressure area. To 
produce evidence on this point, one may dissolve the 
same complex (the molybdenum blue complexed by 
didecy] thiophosphate) in other solvents, and compare 
the performances obtained in relation to the solvent 
used (Table 4). The solvents investigated were bright 
stock, tributylphosphate, hexamethylphosphoramide 


TABLE 3 Errect or MoLyBpENUM LAURYLXANTHATE ON 
Loap CARRYING CAPACITY IN THE Four BALL Test 








A+2%B 
STANDARD TEST GRINDING TEST 
SEIZING PRESSURE SEIZING 
PRESSURE DELAY DELAY 
120 kg 60 sec. 120 kg >60 sec. 
160 66 150 >60 
180 3 180 >60 
190 Instan- 200 >60 
taneous 220 >60 
240 >60 
260 30 





A = Mineral Oil (SAE 30), B = Molybdenum Laurylxanthate 
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TABLE 4 Favitie Test Ric (2% or MoLtyBDpENUM 
BLUvE IN VARIOUS SOLVENTS) 


























A A+2%B Cc C+2%B 
MOTOR LOAD TORQUE LOAD TORQUE LOAD TORQUE LOAD TORQUE 
VOLTS KG KG KG KG 
so 25 — 7 — 2 — 45 0.2 
100 525 0.12 600 0.12 675 0.10 850 0.14 
120 675 0.24 1075 0.24 1150 0.23 1300 0 24 
140 700 0.44 1275 0.44 1625 0.42 1800 6.44 
D D + 2%B E E +2%B 
9 20 — 358 — 25 — 32 


100 375. 0.10 625 0.14 450 0.08 575 0.11 
120 450 0.24 800 0.24 650 0.23 1075 0.23 
140 575 0.40 925 0.40 1025 0.40 1475 0.40 





A = Bright stock, B = Molybdenum blue, C = Tributyl- 
phosphate, D = Hexamethylphosphoramide, E = Clhorined 
paraffin 


and chlorinated paraffin. They are different not only 
in their chemical constitution, but also in their physi- 
cal properties. 

The results obtained with molybdenum blue in 
mineral oil appear to be somewhat independent of 
viscosity. It is therefore concluded that viscosity per 
se is not too critical. 

The results obtained with various solvents de- 
pend primarily upon the performance of the solvent 
itself. If the plain solvents are classified in order of 
increasing performance, it is found that the same se- 
quence with their solutions of molybdenum blue is 
obtained. It is also noted that the improvement varies 
greatly from one solvent to another. For 140 volts, a 
load improvement of 575 kg is obtained with bright 
stock, 175 kg with tributylphosphate, 350 kg with 
hexamethylphosphoramid, and 450 kg with chlorinated 
paraffin. The improvement is greatest with bright stock 
and least with tributylphosphate. The test pins of the 
Faville Rig also show striking differences in these 
tests. A pin which was revolved in bright stock in 
which molybdenum blue has been added is browned 
by a deposit while the one from the solution in tri- 
butylphosphate shows a metallic iron surface without 
any trace of deposit. The removal of the deposit by 
tributylphosphate is very rapid. This is a general 
rule for oxygenated solvents which are very detergent 
or which have a high solvent power. The case of 
chlorinated paraffin is special; it is also detergent, but 
the ferrous chloride resulting from the chemical at- 
tack of iron by the chlorinated paraffin gives rise to a 
whitish deposit which is probably an iron phosphate 
originating from the phosphate contained in molybde- 
num blue complex. 

The solvent or carrier may therefore intervene in 
several ways. It may remove the deposit, more or less 
rapidly according to its detergent qualities, or it may 
chemically change the nature of the deposit. It also 
interposes its own lubricating qualities. 
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TABLE 5 Favitie Ria Test (2% or MotyspenuM BLUE CoMPLEXED 


BY LAURYLDIETHYLAMIDOPHOSPHATE) 





A’ B’ 








LOAD 
KG 


LOAD 
KG 


TORQUE TORQUE 


75 A’ + 25 B’ 


50 A’ + 50 B’ 25 A’ + 75 B’ 











LOAD 
KG 


LOAD 
KG 


LOAD TORQUE 


KG 


TORQUE TORQUE 





400 
775 
1325 
1630 


300 
650 
1000 


1375 0.34 


400 
775 
1250 
1675 


425 
850 
1275 
1775 


0.02 
0.12 
0.24 
0.42 





A’ = SAE 30 + 2% of Blue, B’ = Tributylphosphate + 2% of Blue 


From the above it appears that the results are a 
statistical average of the local performances due in 
part to the deposit and in part to the carrier, with a 
random distribution over the whole rubbing surface 
and over the duration of the test. The diversified sur- 
faces shown by microscope and the leveling action 
disclosed by the profilometer, plus the difference in 
action of the solvent carriers, suggest a host of proc- 
esses and factors with large local variations. Unfortu- 
nately, these factors are known only very incompletely 
in kind and degree. 

However, it is of the greatest importance to at- 
tempt to itemize probable friction processes as com- 
pletely as possible. A comparison of the performance 
of molybdenum blue in bright stock and in tributyl- 
phosphate suggests that the detergency of bright stock 
is too low for best performance while that of the 
phosphate is too high. It was therefore surmised that a 
blend of the two base stocks would be better than 
either alone. Table 5 shows that a two percent solution 
of molybdenum blue in a blend of one part mineral! 
oil and three parts tributylphosphate gives higher per- 
formance than a solution in either solvent alone. It is 
evident that there is an optimum degree of detergency. 

While this finding is gratifying, it had been expected 
that the maximum performance would have been 
situated rather toward mixtures that are richer in 
mineral oil since, on the basis of detergency, the addi- 
tion of only a small percentage of tributylphosphate 
is sufficient to obtain Faville test pins free of deposits. 
There is thus a possibility that a factor other than de- 
tergency contributes to optimum performance. This 
factor is best described as the high lubricating property 
of mineral oil. If the test pin of the Faville Test Rig is 
run in plain mineral oil, it will stop at a load of 600- 
700 kg. Examination of the pin shows a very rough 
surface with relatively large pieces of metal pulled 
away at some points. This plucking out of metal is 
called seizing. 


Memo to members: 


Seizure cannot be attributed neither to a lack of 
oiliness nor to viscosity nor to lubricating power since 
the addition of two percent molybdenum blue, which 
is too small a quantity to modify greatly any of these 
properties, raises the Faville seizure load to 1300-1400 
kg. There is no sign of seizure, and it is obvious that 
the solid film would tolerate still higher pressure. 
Since it has already been shown that detergency is a 
factor, small additions of tributylphosphate were 
added. The Faville load could then be raised to 1600 
kg. Further additions of tributylphosphate permitted 
raising the load to even 2000 kg while the test pin re- 
mained in perfect condition. Further additions of tri- 
butylphosphate did not greatly increase load capacity, 
possibly because the oiliness factor of the mineral oil 
becomes too much diluted. 

The findings of this research on the effect of de- 
tergency can be exploited in two ways. In the first, 
blends of mineral oil and oxygenated compounds, such 
as phosphates, could be prepared to give optimum 
detergency. In the second, synthetic molecules could 
be built which would combine these optimum quali- 
ties. Such a molecule could be a phosphate made from 
long-chain alcohols. For practical reasons, preference 
is given to the first method. 


SUMMARY 

A new type of E-P agent has been discovered in 
which an organo-metallic complex is used to produce 
beneficial solid deposits on rubbing surfaces at points 
of high pressure and temperature. One such compound, 
molybdenum blue, which meets other important re- 
quirements of solubility, stability and non-corrosive- 
ness, has been found to be most effective in increasing 
the lubrication performance of several viscous fluids in 
both the Faville and the Four-Ball Test Rigs. Deter- 
gency has been found to be an important factor in 
this new type of lubricant and small additions of tri- 
butylphosphate greatly improve the performance of 
molybdenum blue in bright stock mineral oil. 


ASLE Jewelry makes a good Christmas gift 


tie clasps $3.50 
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lapel pins $1.50 


cuff links $4.50 
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AN ENGINEER SOMETIMES 
WONDERS ABOUT HIS FUTURE... 


An engineer’s future is built on his knowledge 
of his own field, yet each day brings new problems 


that tax this knowledge. 


In a constantly changing world he must 
continually re-evaluate his ideas. He sometimes 
wonders how he can possibly keep up with new 
technology, new thoughts, new ideas. Yet, keep 


. 


up with them he must. His future depends on ::. 


Time is his enemy. An engineer must select 
his sources of new thinking with greater care. He 
must find more productive sources of new ideas. . 

One of the most thought provoking of these 
sources is an interchange of ideas with others in 
his field. Discussions with other engineers stimu- 
late his thoughts and supply his mind with the 
“fuel” that creates new ideas. In this way he can 
assimilate more readily the up to date information 
he needs to assure his future. 

The ASLE Gear Symposium is one of the im- 
portant means by which the lubrication engineer 
and the gear designer can keep abreast of new 
developments in their respective fields. This first 
symposium specifically devoted to gears and gear 
lubrication promises rich rewards in new “know 


9 


how.” Here may very well be spawned the new 


ideas that can assure the engineer his future. 
Make your plans now to attend this important 
new source of information. All engineers—regard- 
less of society affiliations—are invited. 
(See page 494 for a complete listing of the many inter- 
esting papers to be presented and an advance registration 


form) 


ASLE 
Gear Symposium 


January 26-27, 1959 
Morrison Hotel 
Chicago, Illinois 


Sponsored by the Gear and Gear Lubrication 
Technical Committee of the American Society 
of Lubrication Engineers 





This new semi-annual publication can be ob- 
tained on subscription by ASLE members only as $5.00 per 
year; non-members may obtain the new Transactions at $15-00 
per year from Pergamon Press Inc., 122 E. 55th St., New York 
22, N. Y. Author’s abstracts of the papers appearing in Volume 
1, No. 2 follow: 


Abstracts from ASLE Transactions 


D. F. Hays, “Plane Sliders of Finite 
Width” 

An analytical solution to the problem of 
the lubrication of slider blocks of fixed 
wedge angle and finite width is pre- 
sented. The method of solution is by the 
separation of variables which yields re- 
sults conveniently shown in curve form 
illustrating the various slider properties. 
The analysis is not encumbered by the 
requirement of numerical or graphical 
methods of evaluation as in the case of 
Michell, and is similar in nature to the 
solutions of Muskat, Morgan and Meres 
wherein explicit analytical expressions 
are derived for the slider characteristics. 
The solutions appear in the form of con- 
vergent. series. 

The present analysis illustrates the 
manner by which the separation of vari- 
ables in Reynold’s Equation may be 
effected, completes the solution of the 
resulting eigenvalue prcblem, and shows 
the formulation of the expressions for 
load capacity, frictional resistance, cen- 
ter of pressure, coefficient of friction, and 
rates of flow. Typical pressure hills are 
shown as well as approximate flow pat- 
terns throughout the slider area. 


A. M. Loeb and H. C. Rippel, “Determi- 
nation of Optimum Proportions for Hy- 
drostatic Bearings” 

The effect of recess size on the pressure, 
flow and power requirements of several 
hydrostatic bearing configurations is 
described in terms of dimensionless co- 
efficients called performance factors. Per- 
formance factors are determined analyti- 
cally for a circular hydrostatic thrust 
bearing with a circular recess (for which 
there is a known solution), compared 
graphically with the electric analog solu- 
tions for this bearing and found to be 
in excellent agreement. The electric ana- 
log approach is also used to determine 
the performance factors of several other 
bearing configurations for which there 
are no known solutions. These data are 
presented in the form of dimensionless 
curves. It was found that for a given 
bearing configuration, there is a particu- 
lar recess size which will give minimum 
supply pump power. Where limiting fac- 
tors, such as pump output pressure and/ 
or flow do not dominate, it is suggested 
that bearings be designed to operate at 
the minimum pump power point. 


528 


A. Cameron, “The Viscosity Wedge” 
In a previous paper it was shown that a 
viscosity gradient across an oil film al- 
lowed a hydrodynamic load to be carried 
between contra rotating discs. If there is 
a temperature (and viscosity) gradient, 
not only through the oil film but also in 
the direction of motion, a considerable 
load can be borne. The equations are 
set up and solved numerically giving co- 
efficient for oil film thickness and fric- 
tion. The oil film thickness is comparable 
(three quarters) of that carried by 
Michell pads. The computed results are 
applied to the parallel surface thrust 
bearing described by Fogg in 1946 and 
shown to give tolerable agreement with 
the experimental findings. 


A. Cameron and W. L. Wood, “Parallel 
Surface Thrust Bearing” 

The theory for the thermal wedge thrust 
pad is given assuming (a) all the heat 
is taken away by the oil and (b) the 
viscosity is constant across the thickness 
of the film. 

The viscosity is allowed to vary in 
the direction of motion. 

Solutions are obtained by both analyti- 
cal and relaxation methods for infinite 
finite pads. The viscosity is allowed to 
vary in the direction of motion and also 
a constant value is taken. 

The results are displayed non-dimen- 
sionally graphically. 


G. S. Reichenbach, J. B. Accinelli, and 
S. J. Beaubien, “Lubrication of High- 
Speed High-Temperature Thrust Ball 
Bearings” 
High temperatures impose special prob- 
lems on the operation of high speed ax- 
ially loaded ball bearings. Among these 
are fatigue, lubricant deposits, and ag- 
gravated friction and surface damage at 
areas of metal contact. This paper is 
concerned only with the friction and sur- 
face damage aspects of the problem. 
Since a small scale bearing was to be 
used in the experimental work, and anal- 
vs's was made of spinning, one of the 
major friction sources, the small-scale 
operating conditions were chosen to give 
ball-to-race surface temperatures ap- 
proaching, as near as practical, the cor- 
responding temperatures for full-scale 
bearings. 

Bearing rig tests in a once-through jet 


lubrication system with silicone fluid, 
mineral oil, and a synthetic ester lubri- 
cant resulted in friction failures at ap- 
proximately 350 F, 650 F, and 800 F, re- 
spectively. This is in agreement with 
full-scale experience and lends support 
to the validity of the rig tests. With oil- 
air mist lubrication, failure occurred at a 
much lower temperature. This was prob- 
ably due to insufficient lubricant to pro- 
vide for a hydrodynamic component of 
mixed friction at the contact zone or to 
a failure to provide any lubricant at all 
due to volatilization of the oil. Two EP 
additives used in mist lubricated systems 
did not give appreciable improvement 
probably because of the stainless steel 
test bearings. It was demonstrated that 
deposits from lubricant decomposition 
did not play a significant role in the 
above results and thus it could be con- 
cluded that the small scale rig empha- 
sized the deposit-free high temperature 
friction properties of lubricants. 


W. J. Anderson and T. L. Carter, “Effect 
of Lubricant Viscosity and Type on Ball 
Bearing Fatigue Life” 

Two separate investigations were con- 
ducted to determine the effect of lubri- 
cants on the fatigue life of M-1 tool steel 
balls in the rolling contact fatigue spin 
rig. In the first investigation, four paraffi- 
nic mineral oils with viscosities of 5 to 
113 centistokes at the 100F test tempera- 
ture were used. Longer life was obtained 
with more viscous oil, life varying ap- 
proximately as the 0.2 power of lubricant 
viscosity. In the second investigation of 
methyl silicone, a paraffinic, mineral oil, 
a sebacate, a water base glycol and an 
adipate, each of which had a viscosity of 
about 10 centistokes at the 100F test 
temperature, were used. The 10 per cent 
life was about 40 times as great with 
the silicone (best) as with the adipate 
(poorest). The life results correlated 
fairly well with the pressure viscosity 
characteristics as estimated from lubri- 
cants of the same base stocks. 


A. Miller and A. A. Anderson, “Investi- 

gation of Oil Additives for Boundary 

Lubrication of Railroad Journal Bear- 

ings” 

The boundary friction properties of the 

lubricated system of steel sliding on lead- 
(Cont. on p. 536) 
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No-matter where 


your customers 


buy Macoma 


Other Outstanding 
Shell Industrial Lubricants 


Shell Tellus Oils—for closed hydraulic 
systems 

Shell Alvania Grease—multi-purpose in- 
dustrial grease 

Shell Turbo Oils —for utility, industrial 
and marine turbines 

Shell Rimula Oils—for heavy-duty diesel 
engines 

Shell Talona R Oil 40— anti-wear crank- 
case oil for diesel locomotives 

Shell Dromus Oils—soluble cutting oils 
for high-production metal working 


Shell Voluta Oils—for high-speed 
quenching with maximum stability 





Its performance and name 
are the same around the world 


Shell Macoma Oils are premium 
quality, fortified extreme pressure gear 
oils. They provide superior high-load- 
carrying capacity and are particularly 
effective where overloading, severe 
shock-loading or general heavy-duty 
conditions exist. 

Macoma* Oils have these added 
built-in benefits: excellent resistance 
to oxidation, great adhesiveness, rapid 
separation from water. They are non- 


corrosive, non-foaming and have high 
stability in storage. 


The world-wide availability of 
Macoma Oils is assurance that your 
customers abroad will get the same 
performance from your equipment 
that your domestic customers rely 
upon. For complete specifications, 
write Shell Oil Company, 50 West 
50th St., New York 20, N. Y. or 100 
Bush St., San Francisco 6, California. 
*Registered Trademark 


SHELL MACOMA OIL 
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UCON 


Fluids and Lubricants 
Hydraulic fluids 


Fire-resistant hydraulic fluids 
Gear lubricants 
High-temperature lubricants 
Low-temperature lubricants 
Rubber lubricants 

Packing lubricants 
Compressor and Pump lubricants 
Lift-truck lubricants 
Metal-working fluids 
Heat-transfer fluids 

Grease components 

Textile lubricants 

Defoamers 

De-emulsifiers 

Cosmetic components 

Ink and Dye diluents 
Leather softeners 

Solvents and Plasticizers 
Chemical intermediates 


These polyalkylene glycols and derivatives 
are available in beth water-soluble and 
water-insoluble series, with or without addi- 
tives. Viscosities of Ucon fluids and lubri- 
cants range from 50 to 90,000 S.U.S. at 
100° F. 

UCON fluids and lubricants have a record 
of proved performance. Find out what they 
can do for you, Write for booklet 6500. 





UNION CARBIDE 
CHEMICALS COMPANY 


Division of ex] Corporation 
30 East 42nd Street, New York 17, N.Y. 
“*Ucon" is a registered trade-mark of UCC. 
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| Engineering Co.) An 
| lubricant 





Patent 





Lubricant, Patent #2,843,546 (W. Diet- 
rich, F. Wetter and H. J. Mertens, as- 


| signors to Chemische Werke Huls Ak- 


tiengesellschaft) Lubricating composition 
comprising a lubricant vehicle consist- 
ing of mineral oil and about 1 per cent 
to 10 per cent by weight of a polyalkylene 
glycol xanthic acid derivative. 


Organo-Metallic Compound And Lu- 
bricating Compositions Containing The 
Same, Patent #2,843,547 (T. W. Culmer, 
assignor to Hall Stewart) A lubricating 
composition comprising a hydrocarbon 
oil and from 0.02-0.10 per cent by weight 
of the oil of an organo-metallic com- 
pound having substantially the formula 
MoR, wherein R is a member of the 
class consisting of phenyl groups, naph- 
thyl groups, and alkyl substituted phenyl 
and naphthyl groups wherein each alkyl 
group has from one to four carbon atoms, 
and n is a small whole number of two- 


four, inclusive. 


Rust Preventive Aviation Oil, Patent 
#2,843,548 (R. A. Westlund, Jr. and R. 
W. Scott, assignors to Esso Research & 
aviation engine 
composition consisting essen- 
tially of about 79 wt. percent of a base 
oil, obtained by blending 60 per cent by 
weight of a dewaxed distillate mineral 


| lubricating oil having a viscosity of 50 
| SSU at 210 F., and 40 per cent by weight 
| of a dewaxed cylinder oil having a vis- 


cosity of about 210 SSU at 210 F.; about 
nine wt. percent of polyisobutylene hav- 


| ing a molecular weight of approximately 


14,000, the combination of said mineral 


| lubricating oil and said polyisobutylene 
£ poly 1 


having a viscosity of about 115 SSU at 
210 F.; about seven wt. percent of a 
microcrystalline wax having a melting 
point of about 189 F. obtained by de- 
oiling petrolatum produced from solvent 
dewaxing of cylinder oils and_ bright 


| stocks; and about five wt. percent of sor- 
| bitan monooleate. 


Defoaming Composition, Patent #2,- 
843,551 (F. J. Leonard, A. DeCastro and 
T. F. Groll, Jr., assignors to Nopco 
Chemical Co.) A defoaming composition 


| consisting essentially of from about 40 
| percent to about 80 percent by weight of 


a liquid, aliphatic hydrocarbon having a 


| boiling point of at least 150 F., from 
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about three percent to about 12 percent 
by weight of an ester of a polyethylene 
glycol having a molecular weight which 
is greater than about 400 and an aliphatic 
carboxylic acid having a carbon chain 
length of from about 12 to 22 carbon’ 
atoms, from about 10 percent to about 
20 percent by weight of an aliphatic 
carboxylic acid having a carbon chain, 
length of from about 6 to 22 carbon 
atoms, from about one percent to about 
10 percent by weight of a hydrocarbon 
soluble organo-polysiloxane having from 
1 to 3 alkyl radicals per silicon atom, 
said radicals being selected from the 
group consisting of methyl, ethyl, propyl 
and butyl radicals, and the balance of 
the composition comprising substantially 
water. 

Preparation of Phosphorus Sulfide-Hy- 
drocarbon Reaction Products, Patent 
#2,843,579 (N. E. Lemmon, E. N. Rob- 
erts and A. R. Sabol, assiguors to Stan- 
dard Oil Co.) In the preparation of an 
oil soluble lubricant additive wherein a 
normally liquid hydrocarbon is reacted 
with from about one percent to about 
50 percent of a phosphorus sulfide at a 
temperature of from about 200 F. to 
about 600 F. and the resultant reaction 
produce hydrolyzed at a temperature of 
from about 220 F. to about 500 F. 
whereby inorganic acids of phosphorus 
and low molecular weight organic acids 
of phosphorus are formed, the improve- 
ment comprising contacting said hydro- 
lyzed reaction product at a temperature 
in the range of from about 100 F. to 
about 212 F. for a period of time suffic- 
ient to remove said acids of phosphorus 
formed by said hydrolysis, with from 
about 10 percent to about 200 percent by 
volume of a mixture consisting of water 
and from about five percent to about 95 
percent by volume of a monohydroxy 
compound selected from the group con- 
sisting of phenol and alkyl alcohols hav- 
ing from 1 to about 5 carbon atoms, 
while monohydroxy compound has a 
solubility in water of at least about five 
percent by volume at the contacting tem- 
perature, and separating the hydrolyzed 
reaction product from said monohydroxy 
compound-water mixture. 


High Molecular Weight Branched- 
Chain Ethers of Lubricating Grade, Pat- 
ent #2,844,534 (D. L. Cottle, A. J. Mor- 
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way and D. W. Young, assignors to Esso 
Research & Engineering Co.) A lubricat- 
ing grease comprising as a lubricating oil 
constituent a lubricating proportion of an 
ether of the general formula R—O—R’, 
wherein R and R’ are the hydrocarbon 
radicals of Oxo alcohols having about 10 
to 20 carbon atoms per molecule, said 
Oxo alcohol being an isomeric mixture of 
branched-chain aleohols produced by the 
catalytic carbonylation of olefins selected 
from the group consisting of polymers 
and copolymers of Cs and C;, olefins with 
CO and H: at temperatures of about 300 
to 400 F., under pressures of about 2,500 
to 4,000 psig., in the presence of a cobalt 
catalyst to form an aldehyde, followed 
by catalytic hydrogenation of said alde- 
hyde to form said Oxo alcohol, and a 
grease thickening proportion of a grease 
thickener. 


Alkaline Earth Metal Petroleum Ma- 
hogany Sulfonates, Patent $2,844,535 
(M. Blumer, assignor to L. Sonneborn 
Sons, Inc.) Process for the production of 
oil solutions of basic alkaline earth metal 
petroleum mahogany sulfonates having 
low alkalinity, which comprises passing 
oxygen in contact with an anhydrous 
petroleum oil solution of an alkaline 
earth metal petroleum mahogany sul- 
fonate containing a substantial quantity 
of a member selected from the group 
consisting of oxides and carbonates of 
said alkaline earth metal dispersed therein 
at a temperature of about 250-350 F. and 
continuing said contacting wits said oxy- 
gen for a period of time sufficient to pro- 
duce an alkaline earth metal petroleum 
mahogany sulfonate of an alkaline earth 
metal content in excess of that contained 
in the normal alkaline earth metal pe- 
troleum mahogany sulfonate and of a 
substantially reduced alkalinity. 


High Temperature Complex Grease 
Manufacturing Processes, Patent #2,- 
844,536 (A. J. Morway, assignor to Esso 
Research & Engineering Co.) A process 
for the preparation of a high temperature 
lubricating grease composition wherein a 
major proportion of the lubricating oil in 
the final composition has not been sub- 
jected to high temperatures above about 
350 F. which comprises the steps of form- 
ing at a temperature in the range of 450 
to 500 F., a complex-thickened grease 
from a lubricating oil, an alkaline earth 
metal soap of a grease-making acid hav- 
ing in the range of 12 to 30 cargon atoms 
per molecule, and an alkaline earth metal 
salt of a monocarboxylic acid having in 
the range of 1 to 6 carbon atoms per 
molecule, with the mole ration of salt to 
soap being in the range of 10:1 to 50:1, 
admixing at a temperature in the range 
of 300 to 350 F. a minor amount of said 
complex-thickened grease with a major 
amount of simple soap grease formed 
from a lubricating oil and an alkaline 


earth metal soap of a grease-making acid 
having in the range of 12 to 30 carbon 
atoms per molecule, in proportion such 
that the mole ration of salt to soap in 
the finished formulation is in the range 
of 1:1 to 15:1 and the total salt-soap 
content thereof is in the range of five to 
30 percent weight, and homogenizing the 
admixture to obtain the finished compo- 
sition. 


Homogeneous Lithium Base Lubricat- 
ing Grease Compositions, Patent #2,- 
844,537 (P. R. McCarthy and T. R. Orem, 
assignors to Gulf Research & Develop- 
ment Co.) A lubricating grease compo- 
sition comprising a lubricating oil thick- 
ened to a grease with a lithium soap of a 
mixture of saturated, unsubstituted fatty 
acids having at least 12 carbon atoms, 
said mixture containing acids having at 
least 20 carbon atoms and acids having 
less than 20 carbon atoms, the ratio of 
acids having at least 20 carbon atoms to 
acids having less thon 20 carbon atoms 
ranging from 1:10 to 1:1. 


Extreme Pressure Lubricant, Patent 
#2,844,5388 (R. H. Krug and O. C. EI- 
mer, assignors to The Texas Co.) An 
improved lubricant composition compris- 
ing a major amount of a base oil selected 
from the group consisting of mineral 
lubricating oils and polyesters of alipha- 
tic carbaxylic acids and a minor amount 
of a compound. 


Lubricating Composition, Patent #2,- 
845,390 (P. M. Kerschner, assignor to 
Cities Service Research & Development 
Co.) A normally liquid lubricating com- 
position comprising a major portion of a 
tetra ester of thiodi-itaconic acid. 


Corrosion-Inhibiting Composition Con- 
taining Cetyl Dimethyl Amine Petro- 
leum Sulfonates and Method, Patent 
#2,845,393 (C. W. Varvel, assignor to 
Phillips Petroleum Co.) A corrosion-in- 
hibiting composition comprising a _ pe- 
troleum liquid containing from 10 to 300 
p.p.m. of cetyl dimethylamine petroleum 
sulfonate derived from an oil soluble pe- 
troleum sulfonate. 


Mold Lubricants for Glass, Patent #2,- 
846,323 (P. Oppliger, assignor to Dow 
Corning Corp.) A mold release for glass 
consisting essentially of an oil-in-water 
emulsion of from .1 to 1 percent by 
weight methylpoly-siloxane fluid, from .1 
to 2 percent by weight of paraffin oil, 
from .002 to .05 percent by weight col- 
loidal graphite, emulsifying agent and the 
remainder being essentially water. 


Journal of the American Society of Lubrication Engineers 


THE LOS ANGELES DIVISION OF 
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AVIATION, INC. 





BEARINGS 
AND 
LUBRICATION 
ENGINEERS 


North American Aviation has 
immediate career openings 
for engineers who can work 
on the development phases of 
high-temperature bearings. 
This is part of NAA’s work 
on the B-70 and F-108 weapon 
systems. 


As part of our expanding 
organization, you'll perform 
research and experimentation 
to determine the geometry, 
materials, and lubricants for 
bearings for high loads and 
temperatures up to 1000°F. 
You may qualify for one of 
these long-range careers, if 
you have a ME or Chemical 
Engineering degree. 

Write to: Mr.N. M.Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 





ANA 


work in the fields of the future at NAA 




















PUT YOUR SHOP “IN THE CHIPS” WITH 
NEW ATLANTIC CUTTING OILS 





For complete information on these improved 
oils, contact The Atlantic Refining Company, 


260 South Broad Street, Philadelphia 1, Pa., 


or any of the offices listed. 
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PLANT MANAGERS 
ARE FINDING 
ELCIDE 75 KEEPS 
CUTTING FLUIDS AS 
FRESH AS A DAISY! 


ELCIDE 75. controls bacteria 


in soluble oil emulsions 


...increases plant efficiency 


Elcide 75 extends the life of standard duty soluble 
oil emulsions. This longer emulsion life increases plant 
production and lowers operating costs. 

Elcide 75 is a new bacterial inhibitor that controls 
a wider range of the harmful bacteria that cause 
emulsion breakdown, corrosion, and odor. This posi- 
tive control means it is now possible to extend the life 
of standard duty emulsions up to 54% times longer 
than ever before. This longer emulsion life decreases 
the down time previously spent for recharging, thereby 
increasing production and labor efficiency. Total 
soluble oil requirements are less, and waste-oil disposal 
becomes much less of a problem and expense. 

Elcide 75 is safe to employees and machinery. Shop 
tests show it is nontoxic and safe, and it controls the 
bacteria that may cause acidic corrosion of machinery 
and staining of products. 


Elcide 75 is more effective than commonly used 
single inhibitors because it is a combination of anti- 
bacterial agents, and includes a powerful new com- 
pound related to one of the safest and most eifective 
bacterial inhibitors used in medical surgery today. 


ELI LILLY AND COMPANY; AGRICULTURAL AND INDUSTRIAL PRODUCTS DIVISION; INDIANAPOLIS 6; INDIANA. TELEPHONE: MELROSE 6-2211 





Bacterial plate counts prove 
the killing power of Elcide 75. 
The light areas shown in the 
photograph are harmful bac- 
terial colonies that have built 
up in a normal untreated emul- 
sion in 12 weeks. Notice the 
emulsion treated with Elcide 75 
has been kept clean and clear. aa 


ELCIDE 75-TREATED 


Elcide 75 specifications: Active Ingredients—Sodium 
Ethylmercurt Thiosalicylate (Thimerosal) and Sodium o-phenyl- 
phenate. Price per gallon—1 gallon polyethylene, $8.50, 5 gallon 
polyethylene, $8.00, 55 gallon stainless steel, $6.50. Sold only through 
selected distributors. For more information or to place your order, 
phone or write: 


ELCIDE 75 | 


PATENT PENDING 


UNTREATED 














Lilly's brand of bacterial inhibitor for cutting fluids 











TRANSACTIONS ABSTRACTS 
(Cont. from p. 528) 


base babbitt were investigated as a phase 
of the Association of American Rail- 
roads’ sponsored project on freight car 
hot boxes. A friction pendulum was de- 
veloped for determining the coefficients 
of boundary friction as a function of 
temperature with the specified metals 
lubricated with various lube oil additive 
blends. 

A group of general relationships deal- 
ing with additives for the steel-babbit 
system was developed. It is concluded 
that the extreme pressure agents con- 
taining sulfur or chlorine are generally 
unsuited for railroad journal bearing 
use. Lubricity additives which function 
by simple physical adsorption were found 
to be ineffective at moderate or high tem- 
peratures existing in railroad operations. 
Those lubricity additives which chemi- 
sorb to metal surfaces and form a close- 
packed layer were found to be effective 
antifriction agents. 


C. W. Cowley, C. J. Ultee, C. W. West, 
“Influence of Temperature on Boundary 
Lubrication” 

The effects of temperature on the lu- 
bricity of a number of lubricants are 
studied. An apparatus designed to study 
lubricants under boundary conditions, 
with provisions for varying temperature, 
load, and speed, is described. Sharp tran- 
sitions from smooth sliding to severe 
galling and seizure are observed at a spe- 
cific temperature which is characteristic 
of the lubricant and the test conditions. 
These “failure temperatures” are useful 
in understanding the lubrication mecha- 
nism and in predicting lubricant per- 
formance. 


J. R. McDowell, “Fretting of Hardened 
Steel in Oil” 

To determine the effect of hardness on 
fretting wear, tests of AISI 4340 steel were 
made in an oil bath using a new machine 
designed to make fretting corrosion tests 
with a wide range of parameters. Hard- 
ness values from 258 to 743 Vickers were 
tested, the hardest specimen having a 
nitrided surface. The fretting action used, 
0.005 in. reciprocating motion at pres- 
sures from 430 psi to 5840 psi, produced 
much less fretting than similar tests in 
air, with little or no oxide products re- 
sulting. The galled areas were measured 
for depth of pit and height of deposit 
with the results indicating some small 
effects due to hardness up to 460 Vickers. 
The nitrided specimens, however, pro- 
duced smaller fretted areas and the 
roughening of their surfaces was shallow. 


Rk. A. Kozlik, “Wear and Frictional 
Characteristics of Some Nickel-Base 
Alloys” 

A test program was undertaken to de- 
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termine the relative resistance to wear 
and galling of a variety of wrought and 
cast nicket-base alloys. Testing was done 
using a breakdown technique with a 
sliding velocity of 512 ft. per min. at 
the contact surfaces. The results showed 
that none of the wrought alloys tested 
were outstanding in their behavior when 
self-mated. However, mating with dis- 
similar alloys containing hard phases or 
soft phases possessing lubricating quali- 
ties effected substantial improvements 
in many instances. The use of chromium, 
molybdenum disulfide or sulfurized pro- 
tective coatings was found to be feasible 
for inhibiting galling as long as their 
limitations were understood. 


L. M. Niebylski, M. Antler, and L. O. 
Brockway, “Investigation of Wear by 
Electron Diffraction” 

This review of electron diffraction theory 
and technique emphasizes its scope and 
limitations in the study of lubrication. 
The first section describes important 
areas of wear and friction studies where 
the electron diffraction method may be 
used, with examples chosen from the lit- 
erature. Included in the discussion are: 
(a) monolayers, liquid lubricants, and 
greases, (b) polished and amorphous 
films, (c) the relation to wear of the 
crystallite size of surface phases, (d) pos- 
sible relations between wear and the 
orientation of surface films, (e) solid 
lubricants. (f) mechanism of extreme 
pressure lubrication, and (g) the identi- 
fication on wear debris. 

The second part of the paper presents 
the electron diffraction results from three 
wear studies in the authors’ laboratories. 

Molybedenum isobutylxanthate is an 
effective extreme pressure oil additive 
for hard steel. Electron diffraction shows 
that the anti-wear mechanism may in 
part be due to the formation of a film 
containing iron monosulfide. 

Cast iron top-piston-ring durability in 
a spark-ignition engine was studied us- 
ing several fuels which gave widely dif- 
ferent wear rates. The composition of the 
surface layers of worn rings possibly does 
not depend on fuel additive, but is de- 
pendent on test length. The degree of 
orientation of occluded graphite which 
has been smeared over the surface is pri- 
marily a function of wear rate. 

Finally, preliminary studies suggest 
that. there may be a relation between 
ring-bore wear and the crystallite size of 
the solids of combustion of fuel addi- 
tives. 


E. B. Sciulli and G. M. Robinson, “A 
Study of the Effect of Wear Particles 
and Adhesive Wear at High Contact 
Pressures” 

The wear rate and friction characteris- 
tics were determined for certain combi- 
nations of cobalt base alloys and stainless 
steels when rubbed together at unit pres- 





sures up to 300,000 psi in an environment 
of demineralized water at room tempera- 
ture. Wear rate and friction data were 
collected both in the presence and ab- 
sence of wear particles. A study was also 
made on the effect of sliding-surface ge- 
ometry in trapping wear particles. 

The results suggest that an exponential 
relationship exists between wear rate and 
stress for the materials of test and this 
relationship is influenced by material 
combinations and sliding velocity. En- 
trapped wear particles also affect the 
wear rate. 

Because the wear rate appears to in- 
crease sharply at some nominal contact 
stress when the data is plotted on Car- 
tesian coordinates, the authors define an 
“Apparent Critical Stress,” using this 
term and a wear factor term to aid in 
the evaluation and discussion of results. 


N. B. Dewees, “Wear of Cobalt Base 
and Stainless Materials in High Purity 
Water” 

Results of wear tests in clean water at 
room temperature and at 500F are pre- 
sented. The differences in result with 0.08 
in. diameter and line contact riders and 
with much larger riders are shown. The 
contact stress range is from 10 psi to 
9000 psi for large contact areas and from 
3000 psi to over 100,000 psi for small con- 
tact areas. The majority of the testing is 
at a linear velocity of about 2 in. per sec. 
The concept of wear per unit load and 
per unit distance traveled for a unit wear 
area is used for converting sliding wear 
data from various test machines to a 
common basis for comparison. The same 
concept can be used for calculating from 
wear data the expected wear in a new 
design. The range and trend of friction 
values encountered in some of the tests 
is presented. 


E. H. Loeser, R. C. Wiquist and S. B. 
Twiss, “Cam and Tappet Lubrication. 
III—Radioactive Study of Phosphorus 
in the EP Film.” 

A radioactive tracer, phosphorus-32 
synthesized into zine dialkyl dithiophos- 
phate molecules, was used to study the 
EP films formed by this motor oil addi- 
tive on cast iron cams and tappets. The 
tightly bound films, which contain phos- 
phorus and zine, formed rapidly and then 
approached steady-state values in static 
and dynamic tests. The amount of film 
increased with oil temperature (200 to 
300F) and with available surface area. 
Dynamic test conditions greatly increased 
the amount of film formed, indicating the 
marked effect of surface temperature, 
pressure or wear. The film is maintained 
on parts run in additive oil; moreover, 
the film was not easily worn off in non- 
additive oil. The chemical and physical 
properties of the films appeared to vary 
with the conditions of film formation. 

(Cont. on p. 540) 
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These 26”-90 MORGOIL Bearings are operating 
ina 10%” & 30” x 30” single stand four high 
reversing cold mill at Lombarde Falck in Milan, 
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neck bearing performance at the lowest cost. 


MORGAN CONSTRUCTION CO. 


WORCESTER, MASSACHUSETTS 
ROLLING MILLS MORGOIL BEARINGS GAS PRODUCERS 
WIRE MILLS EJECTORS REGENERATIVE FURNACE CONTROL 


MORGAN MORGAN MORGAN MORGAN MO 


MORGAN MORGAN MORGAN MORGAN MORGAN MORGAN MORGAN MORGAN 















EMRALON ... Acheson's 
revolutionary new dispersion 
“opens the door” to a host of 
“restricted” applications 


Five years in development, ‘EMRALON’ surface coat- 
ings now make possible the application of Du Pont 
Tetrafluoroethylene (TFE) to heat sensitive materials 
such as aluminum, rubber, wood and plastic. Applied 
by spray, these versatile resin-bonded lubricating films 
exhibit the low-friction properties of the TFE pig- 
ment together with the durability of their specially- 
selected binders. Thus, hundreds of potential uses 
which heretofore were impractical because of the high 
fusing temperature of other processes, can now be re- 
considered as workable applications. 


First in the Acheson family of TFE dispersions is 
‘EMRALON’ 310,* employing a phenolic binder. Re- 
quiring a one-hour cure at only 300°F., it provides an 
unparalleled combination of low-friction coefficient, 
toughness, flexibility, adhesion and corrosion resist- 
ance. Substrates even more sensitive to temperature, 
or those where a bake cure is not practical, can be 
coated with ‘EMRALON’ 3207 air-drying counter- 
part to ‘EMRALON’ 310. 


Evaluate ‘EMRALON’ 310 or 320 in your plant and 
be among the first to “open the door” to new design 
possibilities. Send for an introductory package com- 
plete with data sheet. Enough to coat 5,000 sq. in. of 
surface is yours for $4.25 prepaid ($4.50 west of the 
Rockies). Write today. 


' 
Acheson Colloids Company 
Port Huron, Michigan 


Gentlemen: Your new ‘EMRALON' surface coatings suggest themselves as | 
possibilities for a current design problem. Send an introductory package | 
to me promptly. | 


-] ‘EMRALON' 310 (bake type) [] Check enclosed 

















Oo *EMRALON' 320 (air-dry) (] Please have your service 
{_] Bill me on Order No. engineer call: | 
NAME: TITLE: 
COMPANY: a | 
ADDRESS: 
CITY: STATE: | 
APPLICATION: . 





let your imagination 


run wild 












LOW COEFF,CIENT OF FRICTION 


Ole) 8) 


PLASTIC 


MAY BE APPLIED TO 
HEAT-SENSITIVE MATERIAL 





IDEAL FOR LIGHT LOAD MECHANISMS 


*EMRAL a 210 is meanutactared under exclusive license from E.I. du Pont de Nemours & Co. (Inc.) 
under U. S, Patent 2,825,706. Not licensed for use or for sale for use in providing electrical insulation, 


TE conf shoes 320 — Patent applied for 


ACHESON (Colloids Company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, Inc. 
Also Acheson Industries (Europe) Ltd. and affiliates, London, England 
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Lubricants in the Forming of Aluminum 


(Cont. from p. 522) 


APPENDIX II 
PHOSPHATE TREATMENT 
CODE C. 
1. Solution maintained at 125 F: 

(a) 1 pint of Code C liquid, 

(b) 3.7 oz of Code C powder, 

(c) In 4% quarts of water; 

Treatment for 2 minutes. 

2. Rinsing—two procedures were followed: 
(a) Water rinse after treatment 1; or 
(b) Without rinsing after treatment 1. 

3. Drying—two procedures were followed: 
(a) Oven dried at 280 to 350 F for 2 minutes; or 
(b) Air dried 

CODE D. 

1. Solution maintained at 130 F: 
(a) 320 ml of Code-D liquid, 
(b) 68 grams of boric acid, 
(c) 9 grams of ferrous sulfate, 
(d) in 3875 ml water; 
Treatment for 5 mintes. 

2. Water rinse and air-dry. 
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DRAVO-DeLAVAL Lubrication Systems for Bowaters 





Oil cellar for one of the lubricating systems at Bowaters 


Southern Paper Corporation, Calhoun, Tennessee. 


Journal of the American Society of Lubrication Engineers 


Three Dravo-designed systems automat- 
ically lubricate the dryer roll sections of 
the huge Fourdrinier paper machines at 
Bowaters Southern Paper Corporation’s 
plant at Calhoun, Tennessee. A fourth 
system supplies oil for fourteen pulp 
grinders of which six are driven by 6000 
hp motors and eight by 4500 hp motors. 

In service for more than three years, the 
lubricants have shown no change in vis- 
cosity, no oxidation, no water content and 
no acidity. The systems are equipped with 
micronic filters, centrifugal oil purifiers 
and include temperature and pressure con- 
trols, pumps, tanks, pressure reducing 
stations and control panels. 

For full information on cost-saving 
Dravo-DeLaval Lubrication Systems, write 
for Bulletin No. 1450, DRAvo Corpora- 
TION, PITTSBURGH 22, PENNSYLVANIA. 


DRAVO 
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You ask for it—we'll send it! 
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New booklet fells all about 
GRAFO—the super-protector 


Use GRAFO Water Products for high heat and excessive 
pressures, for press forging, extruding, etc. Use GRAFO 
Oil Dispersions for hammer forging, oven conveyors and 
general industrial applications. 


> Send for this booklet, explaining the proper graphite 
dispersions for specific operations. Use the coupon. 


GRAFO COLLOIDS Corporation « Sharon, Pa. 


ececcccesecceoeeee Mail this coupon foday eeeececesecccscese 

GRAFO COLLOIDS CORP. 
269 Wilkes Place, Sharon, Pa. 

Please send new booklet on GRAFO colloidal dispersions, to 
Name of Company 
c/o Mr. 
Street — 
City Zone State 
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radiographs showed the concentration and distribution of the 
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Wanted—Filtration engineer with B.S. in ChE. 
or M.E. with two to three years experience in 
lube oil filtration. Good salary. Excellent oppor- 
tunity for self-expression in a new R & D Labora- 
tory. Please address replies to: 


Clifford H. May, Director of Research 
| The Briggs Filtration Co. 

River Road 

Washington 16, D. C. 





M. C. Shaw and P. A. Smith, “Workpiece Compatibility of 
Ceramic Cutting Tools” 


It is now well known that certain types of cemented carbides 
give excellent results when used to cut cast irons but poor re- 
sults when used to cut steels and vice versa. This relative 
ability of a given tool material to perform well when cutting a 
given workpiece material is referred to here as compatibility. 

Ceramic metal cutting tools have been in use in machining 
metals such a short time that it is not yet generally known 
on which materials these tools can be used to best advantage. 
In this report the performance of ceramic and cemented car- 
bide tools is compared when machining a wide variety of 
metals. It is found that there are certain metals for which 
either the surface chemical or thermal characteristics of 
ceramic tools are particularly advantageous. 

The report is concluded by a table which lists a large num- 
ber of ferrous and nonferrous metals in order of decreasing 
compatibility with aluminum oxide tools. 
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T Any Machine Can Have The Advantages 
WOW! Any “ized Lubrication... At Low Cost! 


Alemite S24 System 


MINIATURE SIZE FOR LIMITED SPACE — 
WITH ALL THE QUALITY OF HIGHER-PRICED SYSTEMS! 








ACcCUMInE 



























Alemite—with 40 years of centralized lubrication ex- 
perience — announces an all-new miniature system 
complete with pump, metering valves and controls— 
especially designed to service many machines and ve- 
hicles where centralized lubrication has been imprac- 
tical until now! 

Alemite’s new midget-size Accumite system is espe- 
cially adaptable to light, precision, multiple-bearing 
machines that have limited installation space. Its small 4 
size and simple installation overcomes cost limitations 
in most plants. Typical applications are: packaging, 
canning, labeling and textile machines ... and machine 
tools. It is also suitable for tractor trailers, lift trucks 
and farm implements. 


ACCURATELY METERS THESE SHOTS OF OIL OR GREASE 


).003 cm. ).006cm. /) .009 cm. 


ALL THE ADVANTAGES OF “BUILT-IN” 
MEASURED LUBRICATION—PLUS MIDGET SIZE! 


@ Meters exact amounts of refinery-clean lubricants to all bears 
ings whenever system is operated. 


@ Eliminates shutdown time for lubrication. 
@ Seals lubricant against dirt, grit and water. 


@ Prevents bearing troubles due to neglect or use of wrong 
lubricants, 


@ Services all bearings in one operation. 


@ Avoids work spoilage and bearing repairs due to over- 
lubrication. ; 






Accumite lubricates 24 points of spring winding machine. 
1. Valves mounted directly on bearings. 2- Transparent 
lubricant reservoir. 3. Manually controlled air pump, actu- 
ated by “push-pull” valve. 


Mail coupon for 
full information! 





ALEMITE, Dept. DD-128 


; Symbol of 1850 Diversey Parkway, Chicago 14, Ill. 
7.9 Ba | ITE Piease send me all the facts about your new “Miniature” 
DIVISION Accumite system. 
STEWART-WARNER — 





Cc r 7 





COR PORATION 
1850 Diversey Parkway, Chicago 14, Ill. 


Address 
Cl | a ce ere Zone........ State 























LUBRICATION TROUBLES? 


WRITE, WIRE OR TELEPHONE 

FOR ONE OF OUR TRAINED 

LUBRICATION ENGINEERS TO 
SOLVE YOUR PROBLEM. 


DENSOIL 
GEARKOTE 


NONSEPARA 
METALICOIL 
METALICGREASE 
NOMELT 


Librich 


Cthe HODSON CORPORATION 


5301-11 West Sixty-Sixth Street 
CHICAGO 38, ILLINOIS 
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